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The experience gained from over 60 years in the design and 
manufacture of precision instruments is embodied in Weston 
Laboratory Standards. Endless care in the selection and Ageing of 
materials and in the assembly and calibration of the instruments 
ensures the maintenance of the extremely high accuracy of 
0-1". Features include 12” Vernier Scale, magnetic shielding 
and self-contained thermometer. Full details of these instruments 


and of the full Weston range of switchboard, panel, first 


: ; ‘ 
grade and sub-standard instruments are available on request. 





SANGAMO WESTON LIMITED 


Enfield, Middlesex Telephone: Enfield 3434 (6 lines) and 1242 (4 lines) Telegrams: Sanwest, Enfield 


Branches: Glasgow, Manchester, Newcastle-on-Tyne, Leeds, Liverpool, Wolverhampton, Nottingham, Bristo!, Southampton and Brighton 











\hegg LOW-VOLTAGE 


POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C./D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle 


- 


s 
A full technical specification 
h t has been pro- 
pening , will be sent on request 


duced to the require- 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 


number of schools L204 


throughout the country 
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The Progress of Science 


Britain’s Atomic Deficiencies 


Ir was in 1946 that the British Parliament passed the 
Atomic Energy Bill. This was an extremely negative piece 
of legislation, as we pointed out at the time (see DISCOVERY, 
November 1946, Vol. 7, pp. 321-4). The outstanding 
critic of the Atomic Energy Act was Lord Cherwell, the 
only man in Parliament who possessed expert knowledge 
of the subject under discussion. He said that between them 
Treasury control and Civil Service control would render 
atomic energy development almost impossible. 

The Government refused to take heed of criticism, and 
the upshot was that the draft Bill became law virtually 
without modification. Events have proved that the critics 
were right and that their forebodings were justified: the 
Government has been proved wrong. However much one 
applauds the work of Harwell in producing isotopes (and 
there is no gainsaying that the team of scientists, technolo- 
gists, and technicians concerned with this enterprise have 
achieved magnificent results, out of all proportion to the 
size of the team) and however much one exaggerates the 
other achievements of the atomic energy project, one 
cannot escape the conclusion that the whole business has 
been disappointing. There are some who derive comfort 
from the consoling idea that the project has been successful 
and that it is only official secrecy which prevents the public 
from getting a true impression of the success of the enter- 
prise. The so-called secrecy and the so-called security 
measures are by no means as stringent as that: the secrets 
of the atomic bomb were without a doubt the worst-kept 
secrets of the war, and security inside Harwell and our 
other atomic energy establishments is no more efficient. 
The Nunn May affair, the Fuchs affair and the Portecorvo 
affair have demonstrated just how inadequate our security 
measures in matters atomic have been. 

Progress at Harwell and in the production units con- 
cerned with the large-scale handling of atomic energy 
materials has not come up to expectations, and it is signifi- 
cant that those most disappointed by the lack of real 
progress are those who know most about the project and 
who are therefore in the best position to assess how far 
short of the maximum effort that was possible in this field 
British endeavour in atomic energy has fallen. 


Lord Cherwell (who was Mr. Churchill’s chief scientific 
adviser throughout the last war) is not given to exercising 
lightly his right of participating in debates in the House of 
Lords. He only speaks there when he has something very 
important to say, and the fact that he moved a resolution 
in the Lords on July 5 on the subject of the British atomic 
energy project is a sure indication that he considered that 
the whole project has reached such a state of impasse that 
drastic action is needed and that such action is only likely 
to be taken after Parliament has made a thorough examina- 
tion of the deficiencies of the present organisation of 
atomic energy work. 

Lord Cherwell put forward the following resolution: 
That this House regrets the slow progress made in this 
country in developing atomic energy for peaceful and for war- 
like purposes and calls upon His Majesty’s Government 
whilst maintaining broad general control to transfer work on 
this subject from the Ministry of Supply to a special organisa- 
tion more flexible than the normal Civil Service system under 
the direct control of the head of the Government. 

Normally the upshot of a debate in the Lords is a paci- 
fying speech from a Government spokesman, and then the 
withdrawal of the resolution by the peer who moved it. On 
this occasion, however, the result was quite different. The 
Lords voted on the resolution, and the Government was 
defeated by 52 votes to 31. 

Since the proceedings of the House of Lords are not 
very adequately reported in the Press, it is desirable that 
on this matter our readers should know what were the 
major criticisms that were raised in this debate, and for 
this reason we summarise the report of the debate which was 
published in Hansard for July 5S. 

The urgency of the issue was brought out right at the 
beginning of Lord Cherwell’s speech which opened the 
debate. He said that the Controller of Atomic Energy, 
LorD PoRTAL, was leaving and his principal scientific 
adviser, Mr. M. W. Perrin, had already resigned. It would 
be difficult, he maintained, to fill these key posts, and unless 
they were filled the whole atomic energy project would 
disintegrate and atrophy. Lord Cherwell went on as 
follows: “‘Although the development of peaceful uses of 
atomic energy will be impeded by bad organisation it will be 
several decades before this aspect becomes very important 
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But the delay in the production of atomic weapons is 
a much more urgent matter, for the use of nuclear energy 
in war constitutes as big a step forward (perhaps I should 
say, backward) as the introduction of explosives into this 
diabolical form of human activity. Our long-drawn efforts 
to persuade the Kremlin to agree to some form of effective 
control have failed, and nothing in the present state of the 
world encourages the view that the Politburo, or whoever 
governs ihese matters, will be too high-minded to use 
these weapons if it should suit their book. Indeed, unless 
we also possess them we shall be in the position of savages 
armed with boomerangs and bows and arrows confronting 
armies using machine guns. Not only will our days as a 
great power be numbered, but we shall be faced with 
slavery or even extinction.” 

The seriousness of the situation can only be properly 
realised when one takes cognisance of the fact that the 
United States no longer passes on to Britain information 
about American improvements in the field of atomic 
armaments. (The breakdown in the flow of such inter- 
ruption is a direct result of the leakage of American secrets 
through such spies as Nunn May and Fuchs.) 

Lord Cherwell considered that the big mistake arose 
through handing control of the atomic energy project to the 
Civil Service. Since 1946 the project has been the responsi- 
bility of the Minister of Supply. Lord Cherwell expressed 
the opinion that “‘considering the importance and urgency 
of the project, it should be responsible to the head of the 
Government, for he alone could settle quickly any diffi- 
culties which might arise with any department, and he 
alone could cut through red tape.”’ He was certain that 
this was necessary in order to get “quick decisions and the 
right men.’ Lord Cherwell said that rapid progress could 
only be expected if the people in charge were given a 
reasonably free hand, and he thought that only men used 
to tackling large industrial developments could successfully 
handle operations of this nature. 

Lord Cherwell raised the question of the salaries paid 
to Harwell staff and the conditions under which they work. 
He said, *‘The House would be astonished if it knew what a 
large proportion of the best men have left or are trying to 
leave. The fact that higher salaries are paid in industry than 
in the Civil Service is not unimportant; but it is by no 
means the main trouble. There are numerous other diff- 
culties concerned with housing, transport and so on, which 
could easily be dealt with in an independent corporation 
without constituting precedents—which would be quite 
intolerable in the Civil Service. Even when men of the 
right type have been willing to consider appointments, the 
inevitable delay and red-tape have often resulted in their 
being snapped up by other employers. For Treasury 
approval has to be obtained for each post, and the Civil 
Service Commissioners have to be satisfied that the mode 
and terms of each appointment conform to traditional 
usage. 

Lord Cherwell was very scathing about the security 
arrangements—and in our view his criticisms were entirely 
justified. The security officers, he said, are set an almost 
impossible task in present circumstances. A civil servant 
can be shifted from one post to another only if it can be 
proved that his associations with the Communist Party are 
so close that it would be dangerous to leave him in a post in 
which he has access to secret information. “Before any- 
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thing can be done the so-called ‘purge’ procedure has to be 
invoked. The House will realise that it is often exceedingly 
difficult in this country, where we do not keep police 
records as they do abroad, to prove to the satisfaction of 
a quasi-legal tribunal that a man is not a good security risk. 
Unless this can be done, such a man remains at his post. 
Even if he is not immediately concerned with most secret 
matters, he is bound to know—and can certainly find out— 
a good deal about what is going on in other sections where 
secrecy is absolutely vital. I am sure that if he has been 
properly instructed, the Minister will not venture to deny 
the existence of cases of this sort, causing the gravest 
anxiety. All this, of course, could be avoided in a more 
flexible organisation. People would be given contracts 
with a ‘break’ clause. It would be possible to get rid of them 
without any stated reason on payment of six months ora 
year’s salary. Naturally their salaries would have to be 
higher. But surely it would be well worth it. If we could 
have prevented Fuchs giving the information to Russia 
which has enabled them so quickly to make atomic bombs, 
it would have been worth paying many millions of pounds.” 

The feeling of the Lords on this subject was conveyed by 
the Earl of Halifax when he said: “‘I would hope that he 
(Lord Cherwell) was preaching to the converted, and that 
when the noble Viscount (Viscount Alexander) replies for 
the Government he will be able to give reassurance to the 


House on the broad case which my noble friend has | 


presented to him.” 
Unfortunately for the Government and the House Vis- 


count Alexander’s reply was to prove unsatisfactory. Hence | 


the vote on Lord Cherwell’s resolution and the Govern- 
ment’s defeat on this issue. The Government must now be 
thoroughly aware of the great dissatisfaction that exists in 
all well-informed circles about the state of Britain’s atomic 
energy project. It is to be hoped that the Government will 
procrastinate no longer and will implement the many 
obvious steps needed to encourage the men working on the 
project and to ensure that spying inside atomic energy 
establishments is rendered very much more difficult than 
it has been. 


The Palomar Telescope and ‘The Expanding 
Universe’ 


THE strange law of the red-shifts’’.has been extended 50% 
farther into the depths of space in the first significant 
results of extragalactic research reported from the 200-in 
Hale Telescope at the Palomar Observatory since it went 
into operation twenty months ago. 

The report was made by Dr. Milton L. Humason, staf 
member and Secretary of the Mt. Wilson and Paloma! 
Observatories (which are operated by the Carnegie Institu- 
tion of Washington and the California Institute of Tech- 
nology) in a paper to the Astronomical Society of the Pacific 
at its June meeting, held at the University of Southerr 
California, Los Angeles. He stated that in the spectra 0! 
light from faint nebulae he had found red-shifts corres 
ponding to speeds ranging up to more than one-fifth the 
speed of light. 

Red-shifts, an apparent lengthening of wave lengths, are 
widely interpreted as reflecting the velocities of receding 
stellar systems in a dynamic universe. If this interpretation 
is correct, the new data would indicate that the univers 
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(Right) FAINT EXTRA-GALACTIC NEBULAE IN 


HYDRA SHOWING LARGEST RED-SHIFT. The 
large red-shift observed in a nebular cluster 
in the constellation of Hydra was measured 
from spectra of the two brightest nebulae 
(indicated by arrow) in the cluster. Since 
they are close together, both were observed 
at the same time; hence the measured red- 
shift (corresponding to a _ velocity of 
38,000 miles per second) was therefore a 
mean value for the two. Because the dis- 
tance of this cluster is of the order of 360 
million light years, all the members appear 
as tiny and extremely faint images—many 
are too faint to appear in this photograph. 
(Above) SPECTRUM OF TWO FAINT NEBULAE 
360 million light years distant, obtained 
with the 200-inch Hale telescope at the 
Mount Palomar Observatory. Since this 
un-retouched spectrum photograph repre- 
sents an observation near the spectro- 
graphic limit of the 200-inch telescope, the 
significant features are not conspicuous. 
The nebular spectrum its the horizontal 
band of light in the centre. The vertical 
lines above and below the nebular spec- 
trum are the comparison spectra of helium. 
The arrow points to two of the measured 
features: the K and H lines of calcium, 
which are shifted towards the red (right) 
from their normal position by the amount 
indicated by the length of the arrow. 
Expressed as velocity, this equals 38,000 
miles per second. 


was expanding at an almost unbelievable rate far out in 
space. 

Dr. Humason’s results included red-shifts corres- 
ponding to speeds of 31,000, 34,000, and 38,000 miles a 
second. These were observed in clusters of nebulae (them- 
selves great groups of star systems like our Milky Way), 
spotted during the National Geographic Society—Palomar 
Observatory Sky Survey and by the 100-in. telescope on 
Mt. Wilson—at distances roughly estimated as 300, 330 
and 360 million light years from the earth. 

These data, Dr. Humason said, indicate that red-shifts 
continue to increase in direct proportion to the distances 
of the nebulae observed. This was first discovered by Dr. 
Edwin P. Hubble, also of the Mt. Wilson and Palomar 
Observatories, about 22 years ago. He used the scanty 
data then available, which went out to distances of about 
seven or eight million light years. 

Dr. Humason then extended the observations with the 
100-in. Hooker telescope. In 1942 he pushed the law of the 
red-shifts out to about 250 million light years, the spectro- 
graphic limit of that great telescope. At this distance the 
shifts corresponded to speeds of 25,000 miles per second, or 
approximately one-seventh that of light. His data, gathered 
over a period of 10 years, confirmed Dr. Hubble's dis- 
covery and permitted the law to be formulated on a more 


237 





Vt. Wilson-Palomar Observatories Photos 


reliable basis. The formulation: As nearly as distances can 
be estimated, red-shifts increase directly with distance at 
about 100 miles per second for each million light years. 

Now, with the world’s largest telescope, Dr. Humason 
again has extended the observed range of the law—this 
time by 50°,. He believes that as soon as suitable nebulae 
can be found the range can be pushed still farther—probably 
out to 500 million light years or thereabouts. This project 
may take several years. Clusters at great distances, suit- 
able for observation, must be found on photographs taken 
with the 48-in. Schmidt, the 100-in. and the 200-in. tele- 
scopes. 

Most of the 48-in. Schmidt plates examined for the pur- 
pose are being gathered in the course of the Sky Survey, 
a four-year project of mapping the entire sky visible from 
the Observatory on Mount Palomar in San Diego County. 
Until the telescope went into operation, only about twenty 
clusters of nebulae were known. But within the last two 
years several hundred more clusters and groups have been 
discovered. They were found all the way out to the limit of 
the Schmidt—-some 350 million light years for the brightest 
nebulae in clusters. So many have been discovered, in fact, 
that it is no longer practicable to identify one as ‘the’ 
Virgo cluster, or even as the Virgo-A or Virgo-B cluster. 
Each is now identified by its precise position in the sky. 
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Discovery of clusters beyond the reach of the 48-in. 
Schmidt must depend on chance finds by the 100- and 
200-in. telescopes. Although these telescopes reach deeper 
into space, their fields of view are much smaller than the 
Schmidt’s. The Schmidt can photograph an area as large 
as the Big Dipper (also known as the Plough), while the 
200-in. is limited to an area equivalent to one-quarter of 
the moon. Such unpredictable finds may accumulate 
slowly, but they are necessary preliminaries to recording 
the red-shifts at the top spectrographic range of the Hale 
telescope. 

Measurement of red-shifts involves a slow and pains- 
taking study of spectograms. To get these Dr. Humason 
had to work in the prime focus cage suspended in the tube 
of the huge telescope seven stories above the Observatory 
floor. He exposed half-inch square spectroscopic plates 
to the feeble light from far-off nebulae for four to six hours 
each. Similar spectrograms of dim objects, though at a 
lesser distance, would have taken about twenty-five hours 
each with the Mt. Wilson 100-in. the world’s second 
largest astronomical instrument. Photographic work Dr. 
Humason was able to do in three winter nights of reason- 
ably ‘good seeing’ at Mt. Palomar—where the 200-in. 
mirror gathers as much light as a million eyes—might have 
taken three years on Mt. Wilson. 

On the spectroscopic plates light dispersed by a prism 
is broken down into its component wave lengths in a 
spectrum only one-tenth of an inch long. Lines in that 
spectrum indicate the presence of particular wave lengths. 
With distant objects these lines are shifted about one- 
twentieth of an inch towards the red, or longer wave-length 
end of the spectrum. 

The shift has been explained by many astronomers as 
due to the ‘Doppler effect.” (It is this same effect which 
accounts for the drop in pitch of a locomotive whistle as it 
speeds into the distance and its sound waves are lengthened 
in relation to the listener.) 

If the shift actually is due to the Doppler effect, one 
implication would be that nebulae everywhere are cata- 
pulting away from us in all directions at speeds increasing 
with their distance—in other words, the entire universe is 
expanding, like a giant balloon, at a tremendous rate. 

The light observed from the most distant cluster studied 
to date left its source some 360 million years ago. At that 
time, on the velocity-shift interpretation, the cluster was 
roaring away at 38,000 miles a second. Since then it may 
have migrated 70 million light years deeper into space. 
The message that tells what is happening to it today will 
reach earth several hundred millions of years from now. 

A most important astronomical milestone will have been 
reached, if at some point in his continuing study, Dr. 
Humason should find that more distant clusters show red- 
shifts corresponding to velocity increases of less, or of more, 
than 100 miles a second for each million light years distance. 

Should the red-shift be less than expected in that distant 
past, the interpretation would be that the rate of expansion 
of the universe has been speeding up since then. This would 
mean that the expansion began earlier than now indicated 
and that the ‘age of the universe’ is more than the 2000 
million years now supposed. Should the red-shift be 
greater than expected, the reverse would be true. 

Whether this evidence may be found is, of course, im- 
possible to predict. Its interpretation depends, too, on an 
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accurate knowledge of the distances involved and an 

answer to the question of whether red-shifts actually are | 
velocity-shifts. A possibility exists that the light from far. 
off objects may have lost energy during its long journey 
through space, causing its wave length to increase. In 
this case, some principle of nature as yet unknown would 
account for the red-shifts. 

However, whether or not they represent speeds of reces.- 
sion, Dr. Humason said, the red-shifts promise to give 
astronomers a convenient yardstick to establish the dis. 
tances of new-found objects in space. Once the red-shift is 
measured, the distance will automatically be known. This 
will be possible when the range of the law, now regarded as 
a first approximation, is pushed still farther into the cosmo; 
and after uncertainties in distances assigned by outlying 
nebulae are removed. | 

The latter is being investigated by Drs. Hubble, Walter 
Baade and their colleagues, who report that construction 
of a thoroughly reliable scale of cosmic distance is now 
under way, using all the resources on Mt. Wilson and | 
Palomar. 

This whole research programme involves not onl) 
photography but also extremely sensitive photo-electric 
cells developed during World War II. These are being used 
to measure the brightness of stars and nebulae several 
million times fainter than the faintest stars the human eye 
can see. | 

Step by step, Dr. Hubble has explained, the distance | 
scale will be set up as follows: | 

Globular clusters, or compact masses of thousands of | 
stars relatively near the earth will be used to establish the | 
distance of the great spiral nebulae, Messier 31. This wil! | 
fix the brightness of its Cepheids, or regularly varying giant | 
stars, and its novae, or exploding stars. Cepheids and | 
novae then will be used to measure the distance of other 
nebulae as far out as the Ursa Major Cloud and the first 
cluster found in Virgo. These are roughly six and eight 
million light years away. This done, the astronomers 
will have a collection of about a thousand nebulae of all 
types. The nebulae themselves can then be calibrated as 
distance indicators. Their average brightness, variations 
from the average and the brightest nebulae in clusters will 
provide a yardstick to measure the distance of more remote 
clusters. ‘“‘When the new scale is available,”’ Dr. Hubble 





says, “the law of the red-shifts can be formulated precisely 
It can then be discussed with confidence as a clue to the | 
nature of the universe.” | 


The Heat Pump 


IT is many months since Discovery first took up the 
subject of heat pumps, but this has come into the news 
again recently as there have been a number of develop: 
ments in its commercial utilisation, principally in_ the 
United States of America. It was reported, at the latter 
end of 1950, that no less than 500 installations are used it 
that country, of which 25 are industrial, 260 are commercial 
and 215 in residential buildings. in Great Britain ont 
major installation, at the Stourport ‘B’ station of the 
British Electricity Authority, has been put in commission. 
and there is another heat pump working at the Roya! 
Festival Hall on the Festival of Britain site on the South 
Bank. 
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ids and| the objects within its cabinet. If one now imagines that _—_ conditioning coil in the room is the point from which the 
of other there is an inexhaustible supply of heat in those objects, _ liquid draws its latent heat, thus cooling the radiator, and 
the first a refrigerator can be obviously used for continuous heating. so cooling the room. 
id eight Finally, if one imagines that the evaporator unit—the When it comes to choosing a medium from which to 
ynomers heart of the refrigerator—is buried in the earth, the machine draw heat (i.e. air, water, or earth), several factors have to 
1e of all could keep running in an endeavour to cool down the be taken into account. Air is attractive on account of its 
rated as surrounding earth. If the radiator of the refrigerator was _ availability and because installation of the reception or 
riations situated in a room, the heat so drawn from the earth could delivery coil is so easy, but there are wide fluctuations in 
ters will be utilised for warming the room. Equally, by a reversal of air temperature, and these give rise to difficulties owing to 
> remote the connexions, the heat pump so formed could be made to the possibility of frost formation, etc. Where air is em- 
Hubble cool the room, by withdrawing heat and transferring it to ployed in American heat pumps, a heat-storage tank is 
recisely the earth. incorporated; this obviates difficulties due to rapid ambient 
e to the | Heat may in fact be drawn from the earth, from the air, temperature fluctuations. 
or from water. In the case of the residential and commer- Water is a Satisfactory medium, providing it is available 
cial installations in operation in America, 180 employ a in sufficient quantities in the locality, and does not need to 
as the heat source, 265 use water, and the remaining 30 be piped over long distances. The climatic conditions must 
draw their heat from the earth. be such that it does not freeze over at any particular 
up the A heat pump for practical use contains the basic ele- time of the year for a long period. If this happened, the 
he news ments of a refrigeration compressor (this being the point temperature ranges over which the heat pump could satis- 
develop: at which electrical energy is introduced), at least two heat- factorily operate might be insufficiently wide for efficient 
in the transfer surfaces and the necessary valves. The diagram operation. If the installation is to be used for cooling, 
ne latter (Fig. 1) shows the general arrangement. During the there may also be problems connected with the discharge 
- used in heating cycle (i.e. when heat is taken from the air, water, or of what may be considerable quantities of hot water. 
mercial, earth and given out in the radiator or ‘conditioning coil’ The earth is a suitable medium, although greater expense 
ain one in the room), the compressor delivers the refrigerant, which is involved in design and manufacturing and installing the 
of the ‘Snow in a gaseous state, through the four-way valve, in a coils which are embedded in the earth; and owing to varia- 
mission; Position shown, to the radiator; there it liquefies and gives tions in soil and other factors affecting the ability of the 
e Royal up its latent heat, which is available for warming the room. ground to conduct heat, it is not easy to design on other 
1e South The liquid then passes through the check valve to a re- than rather empirical methods in a particular installation. 


ceiver, and proceeds onwards through the expansion valve 


A considerable amount of research is taking place on this 
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and other arrangement connected with the earth type of 
heat pump. For a 5 horse power residential installation of 
this type, in the United States, 300 ft. of l-in. piping was 
buried 4 ft. beneath the surface of the ground, and by its 
aid 15,000 B.Th.U. per hour of heat was delivered to the 
installation. 

The Stourport Power Station installation has a special 
significance, since it is one of the first attempts yet made to 
recover some of the vast quantities of heat that are wasted 
in the cooling water in ordinary thermal power stations. 
The greatest efficiency yet obtained, in the generation of 
electricity from coal-fired boilers, is of the order of 32°%,. 
This means that only about one-third of the heat in the coal 
is usefully employed. The greater portion of the remainder 
has to be dissipated in rivers or in cooling towers. 

As the waste heat is in the form of ‘low-grade’ heat (i.e. 
it exists in the form of large quantities of water only some 
10 F. to 20° F. above normal ambient temperature), it has 
been difficult to recover in the past: the heat pump may 
well be the solution. At Stourport three heat pumps are 
used, one to provide heat to the plenum system in the work- 
shops, one for the office heating, and a third, which is 
reversible for heating or cooling, is coupled to the plenum 
system in the office block. 

The first delivers 750,000 B.Th.U. per hour, by dropping 
the temperature of part of the heated cooling water by 4 F. 
The second heat pump provides hot water for panel heaters 
in the office walls, and delivers 324,000 B.Th.U. per hour, 
and the third, which is entirely automatic in operation, 
delivers 75,000 B.Th.U. per hour in either direction as 
required. A wet bulb thermostat in the incoming air stream 
to the plenum installation is the primary control. 

At the Royal Festival Hall, situated on the bank of the 
River Thames in the heart of London, a heat pump is being 
used for both heating and cooling the whole building, the 
primary heat source being the river water. 

The second diagram shows a type of domestic heat pump 
which has been produced in prototype form in the United 
States. A pump of this type, which stands approximately 
6 ft. in height and is 26? in. in diameter, can heat water to 
140 F. or 150 F. The efficiency figures so far obtained 
compare favourably with those found with the conven- 
tional type of water heater as employed for equivalent duties. 

It is likely that the next few years will see a widespread 
increase in the use of heat pumps. The advantages are 
many, and the only disadvantage is the high capital cost. 


International Conference on Crop Protection 


THE well-known firm of Plant Protection Ltd., the relia- 
bility of whose products is much appreciated by British 
farmers and gardeners, is to be congratulated on holding 
in June an international conference on problems of crop 
protection. The conference, which took place at the firm's 
Fernhurst Research Station near Haslemere, was attended 
by over a hundred of the world’s leading agricultural 
scientists and filled the breach caused by the postponement 
of the International Congress of Crop Protection scheduled 
to have been held in Paris this year. 

Two papers presented to the conference were particu- 
larly valuable: one of these was a survey of chemical weed 
control by Dr. W. G. TEMPLEMAN, deputy director of 
LC .1.°s Jealott’s Hill Research Station, and the other was a 
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summary by J. H. STAPLEyY, senior entomologist at the | 


Fernhurst Research Station, of the facts about the value 
and limitations of synthetic organic insecticides. 


Weedkilling Chemicals 


Dr. Templeman, who is one of the world’s greatest ex- 
perts on selective weedkillers—readers will recall his 
connexion with the researches that led to the introduction 
of Methoxone (2-methyl-4-chlorophenoxyacetic acid, or 
MCPA for short) and 2, 4-D(2 : 4-dichlorophenoxyacetic 
acid, or DCPA), referred to a recent discovery which, 
although perhaps not capable of any important immediate 


application, may indicate an original weed control prin- | 


ciple upon which new practical methods may be built. 


It is the recent discovery of L. J. King, J. A. Lambrech | 


and T. P. Finn at the Boyce Thompson Institute that 
sodium 2 : 4-dichlorophenoxyethyl sulphate is not toxic 
to plants when sprayed on to their aerial parts but its effect 


is very marked when the compound is applied to the soil 
in which the plants are growing. This may mean that the | 


compound is broken down in the soil to give a toxic com- 
pound. Now weeds usually germinate from seeds situated 
near to the soil surface. Crops whose seeds are sown deeply 
or whose roots penetrate down into the soil may be able 
to withstand the action of this type of weedkiller whilst the 


weeds are destroyed. This principle may be employed, of | 


course, by using a pre-emergence dressing with any suitable 
weedkiller before both weeds and crops have emerged, but 


the Boyce Thompson discovery opens up very interesting | 


possibilities where the weeds on/y have not emerged, but the 
crop is already established. The weed problems of many 
perennial crops may find solutions based on this finding. 

A weedkiller which shows promise against grasses (these 
plants are, of course, most resistant to treatment, with the 
ordinary selective weedkillers, a fact of which many of our 
readers must have taken advantage to the great improve- 
ment of the lawns) is isopropyl phenyl carbamate 
(IPPC or IPC). This compound is very toxic to grass 
seedlings at low dosage rates without being harmful to 
many other plant species. Unfortunately well established 
grasses, especially of deep-rooted perennial types, such as 
couch grass, are little affected by even heavy doses of 
IPPC. This is, however, a ‘lead’ for further research which 
may yield effective and selective grass killers. 





In the sphere of the dinitro compounds the most im- | 


portant recent development is the use of dinitro-secondary 
butyl phenol (DNBP, DNSBP) as a selective weedkiller for 
legume crops. This is much less damaging to these crops 
than dinitro-o-cresol (DNOC) and is now widely used in 
lucerne and clovers. The hazards of spraying with these 
compounds are becoming better understood and _ the 
British Ministry of Agriculture has recently proposed legis- 
lative action on safety precautions for their use. 

Oils, unrefined and waste, have long been used for weed 
control. In recent years stove oil and Stoddard solvent in 
America and oils related to tractor vaporising oil! in this 
country have given good weed control in carrots and other 
umbelliferous crops. Aromatic solvents have achieved ver) 
satisfactory results against aquatic weeds in canals an¢ 
rivers and in irrigation and drainage channels. 

A number of other chemical weedkillers have come to the 
fore since the war. Pentachlorphenol has proved a gooc 
pre-emergence herbicide and it can be readily mixed with 
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A helicopter travelling at 

20-30 m.p.h. sprays 2,4-D on 

a weed-choked irrigation 
canal. 


various Oils. The cyanates have been proposed for use in 
onions and the inorganic salts of trichloracetic acid are 
gaining ground as grass weedkillers. For specific purposes 
ammonium sulphamate, methyl bromide, phenylmercuri- 
acetate and sodium isopropyl xanthate have been used. 
Many other compounds have been examined to a limited 
extent and there is no reason to expect a fall in the number 
of new experimental weedkillers coming forward. 

Dr. Templeman spoke of the technical differences be- 
tween the use of Methoxone in Europe and the use of 
2, 4-D in America. Methoxone has been used almost 
exclusively as its sodium salt, whereas for 2, 4-D the amines 
and esters are predominantly used and the sodium salt only 
toa limited extent. One of the contributory reasons for this 
is that whereas the sodium salt of Methoxone is very 
readily soluble in water and concentrated solutions are 
available commercially, the sodium salt of 2, 4-D is only 
slightly soluble and recourse was had to the highly soluble 
amines or ester formulations which could be readily diluted 
with water. There appears to be little to choose between 
the weedkilling properties of corresponding derivatives but 
recent work has shown that heavy doses of esters of 
Methoxone are less damaging to cereal crops than 2, 4-D 
esters. This means that it may be possible to use heavier 
doses and eradicate weeds in cereal crops against which 
2, 4-D esters have failed. Legumes and linseed are also 
less damaged by Methoxone. 

A controversial subject at the moment is the use of 
mixtures of weedkillers. When a weed population con- 
sists of one or two species susceptible to a particular weed- 
killer then that weedkiller gives good results. Weeds, 
however, differ in their susceptibilities and with a mixed 
stand mixtures of the appropriate weedkillers may be 
useful. Mixtures of oil, pentachlorphenol and an ester of 
2, 4-D are being used in sugar cane crops in some parts of 
the world. In general, however, the translocated herbi- 
cides like the hormone weedkillers are more efficient if the 
tissues to which they are applied remain undamaged. If 
damage occurs, the active chemical is isolated and its 
uptake restricted. Mixing of weedkillers thus calls for care 
and consideration of the crops and weeds to which applica- 
tion is to be made the translocated and contact weedkillers 
are most often not ideal mixers. Where the herbicide ts 
applied to the soil before emergence of the crop, mixing 


24! 


- 29 te # 


5 
g? 


¢ 
. 





may be more successful. Combinations of Methoxone or 
2, 4-D and IPPC may be cited as an example. Several years’ 
trials at Jealott’s Hill and at outside centres have revealed 
that provided they are applied 3 to 4 weeks prior to sowing 
kale, mangolds, sugar beet and lucerne, little damage to the 
crop results and where only weeds susceptible to these two 
compounds are present, good weed control is achieved. 
Unfortunately there are many weeds resistant to both com- 
pounds and the method cannot yet be recommended for 
farming practice. It does, however, indicate the possibili- 
ties of this type of technique. 

In view of experiences in the medical field where resistant 
strains of bacteria normally susceptible to the sulphona- 
mide drugs and to some antibiotics have appeared, there 
have been suggestions (a) that resistant strains of normally 
susceptible weeds will be produced and (4) that continuous 
use of any one weedkiller, whilst removing the species 
susceptible to its action, will lead to a great increase in 
numbers of the resistant types. There is as yet no sign that 
the former possibility has occurred but Prof. G. E. Black- 
man (Journal of Royal Society of Arts, 1950, 98, p. 499) has 
proposed that to meet the second, farmers should practice 
a rotation of weedkillers on weedy fields. That is, in one 
year a hormone weedkiller might be used whereas the 
next perhaps it should be DNOC. This suggestion seems 
to have more merit than the alternative, which is to use 
weedkiller mixtures. 

“This subject may be pursued still further,” said Dr. 
Templeman, ‘“‘and the question asked as to the possibill- 
ties of mixing herbicides with other pest control products 
(e.g., fungicides and insecticides) or with fertilisers or other 
soil treatments. This has already been done in a small 
way only: I believe that in the U.S.A. there is a combined 
product for use on golf greens and lawns which kills weeds, 
controls fungal attack and contains a fertiliser.’ He 
pointed out, however, that it is unlikely that the ideal times 
of application of the different components will coincide. 
This can be well illustrated by weed control in spring-sown 
cereals in Great Britain. The best time and most economic 
method of fertiliser application is to combine drill with the 
seed; the best time for weedkilling is when the weed seed- 
lings are established so that two separate operations are 
indicated. Fourth, unless fertiliser application in solution 
becomes universally adopted, which Dr. Templeman 
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considered to be inconceivable, then nutrients will always be 
applied in a dry powder or granular form whereas it is 
becoming increasingly clear that best weed control is 
achieved by liquid sprays even if these are of low volumes 
per acre. 

Yet another point concerning the hormone weedkillers is 
the difference between the recommended rates of applica- 
tion in North America and in Britain. In America on 
cereals amine salts of 2, 4-D are usually sprayed at rates 
between 33 and 10 oz. of acid per acre, the lower rates for 
susceptible weeds under good conditions and the higher 
ones for resistant weeds under unfavourable conditions. 
The corresponding figures for esters of 2, 4-D are 3-8 oz. 
of acid per acre. In Britain the sodium salts of 2, 4-D and 
Methoxone are recommended at 12-32 oz. per acre. There 
is thus a very wide difference between practice in the two 
countries and reasons for this should be sought. Un- 
doubtedly some of the divergence can be ascribed to the 
predominating use of ester and amine in America and the 
sodium salt here, but this can hardly be the sole reason. 
Possibly climatic conditions make a difference, but again 
the north-western coastal states of U.S.A. and British 
Columbia are not very different from the British Isles, and 
no differences in recommendations have yet been made for 
them as opposed to the rest of the American continent. 
It may be that ‘weed control’ does not mean the same thing 
in both places. In Britain the farming community expects 
95-100°, kill of weeds, and perhaps such stringency is 
unnecessary. There is so little evidence that definite con- 
clusions are impossible but a reduction of weed growth or 
population may be more profitable than weed eradication. 
In other words, it may be more economic to use low doses 


THE PRINCIPLE USES OF SYNTHETIC INSECTICIDES 
(See text) 


























Crop BHC DDT Parathion 
Cereals Wireworm 
Grassland Wireworm 
Chafer 
Clover and | Weevil Weevil 
forage crops 
Peas Weevil Moth, Aphid 
Weevil 
Sugar Beet | Wireworm, Leaf Miner, 
Pigmy Beetle, Aphids 
Aphids 
Crucifere Flea Beetle Cabbage cater- | Cabbage 
Pollen Beetle pillar Aphid 
Pod Weevil Flea Beetle 
Cabbage Pollen Beetle 
Aphid 
Potatoes Colorado 
Beetle 
Carrots Fly, Aphid 
Lettuce Aphid 
Strawberry | Aphid, Capsid | Weevils Aphid 
Apples, Sawfly, Aphids} Apple Blossom | Sawfly 
Plums Woolly Aphid | Weevil Red Spider 
Sucker Capsid, 
Caterpillars 
Tomatoes Leaf Miner Caterpillar Red Spider 
Cucumbers White Fly 
Red Spider 
Carnations | Aphids Tortrix cater- Red Spider 
pillars 
Chrysanthe- | Aphid Caterpillar Eelworm 
mums Leaf Miner 
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to restrict weeds rather than heavy ones to eliminate them. 
The advent of new growth-regulators like maleic hydrazide, 
which can limit growth without killing the plant, lends 
support to a plea for more research on this aspect. 


The Synthetic Insecticides 

Most of J. H. Stapley’s paper was devoted to the use of 
the three synthetic insecticides. DDT, BHC and Parathion. 
The table reproduced on this page shows the range of pests 
against which these chemicals are effective; it can be seen 
from this that while there is a certain amount of over- 
lapping between the three insecticides, there are also one or 
more clearly defined purposes for which each insecticide is 
particularly suited—e.g. Parathion is the only one which 
controls Red Spider. 

A curious ‘blind spot’ of DDT, is its lack of toxicity 
towards aphids, with the exception of the pea aphid 
(Acyrthrosiphon pisi) which seems to be very susceptible to 
DDT. As a soil insecticide DDT is of little use, presum- 
ably because it is not volatile; BHC on the other hand has 
achieved a most notable success as a soil insecticide. 
especially against wireworms. This is doubtless due to the 
fact that it is much more volatile than DDT. There are 
several isomers of benzene hexachloride, and toxicity varies 
from one isomer to the next. The most powerful isomer of 
BHC is the gamma isomer, which is about eight times as | 
toxic as the ordinary crude BHC (which comprises a 
mixture of isomers). Against thrips gamma-BHC is about 
10 times as toxic as DDT, 25 times as toxic as toxaphene, 
and 50 times as toxic as chlordane and TEPP. Gamma- 
BHC is toxic at such low dosages that it can be incorporated | 
in seed dressings and smoke aerosols. BHC is particularly | 
valuable since it kills many insect eggs—for example, the 
eggs of cabbage root fly and carrot fly. As it is absorbed 
into plant tissues, it can be used to control leaf miners 
(caterpillars of the moth family known as Agromyzidae). 
Against the locust BHC has achieved its greatest triumph 
—so potent is it against locusts that as little as 3 grams of 
gamma-BHC has proved capable of killing 13 million 
locusts weighing about one ton. 

Mr. Stapley described Parathion as probably the most 
important of the new synthetic phosphorus compounds, 
which originated in Germany from research into substances | 
with potentialities as chemical warfare agents. This group | 
of compounds challenges the dominating position of the 
chlorinated hydrocarbons (e.g. DDT and BHC): these | 
insecticides also kill mites, such as the Red Spider, but they 
have the great disadvantage that they are dangerous to use | 
because they are far more toxic to warm-blooded animals. 

The first organic phosphorus compound to be used 
commercially was the so-called HETP. Its use gradually 
receded with the increasing availability of Parathion, in fact 
many workers considered that HETP would disappear 
from the market altogether. Experience, however, has 
shown that HETP, which is really a dilute form of TEPP. 
has certain definite uses for which Parathion is unsuitable. 
Concentrated TEPP is much more toxic than Parathion. 

But Parathion has several notable advantages ove! 
TEPP: it can penetrate and act through plant tissues; it car 
be mixed in alkaline solutions such as Bordeaux mixture 
and lime sulphur, so it can be used in sprays to kill both 
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The policy in Britain is to reserve Parathion for applica- 
tion to crops in which the Red Spider is the dominant 
problem—for instance, tomatoes, cucumbers and carna- 
tions grown in glasshouses. Parathion is toxic to Red 
Spider at concentrations as low as | : 40,000 (2 oz. fluid of 
a 20% concentrate per 100 gallons water). In the field 6-8 
fluid oz. per 100 gallons is normally employed. It is also 
very toxic to aphids; it kills at concentrations as low as 
|: 100,000. A few aphids (e.g. the cabbage aphid) are 
more resistant to Parathion, but even these succumb when 
a spreader such as one of the ordinary detergents is added 
to the preparation. Parathion does not kills eggs, however; 
a concentration as high as | : 5000 has no effect. But this 
failing can be overcome by applying two sprays at an 
interval of 8 days, which gives the insects time to hatch out 
from the eggs: this system gives good results. Parathion 
is not persistent and little is left on leaves that have been 
sprayed after three days; Red Spider eggs after that interval 
give rise to nymphs which will survive to develop quite 
normally. 

Parathion has been tried against eelworms (e.g. the 
eelworm which infests chrysanthemuns), and two spray- 
ings at a concentration of | : 4000 have proved effective 
for controlling Red Spider on a commercial scale. 

The ideal insecticide would be one that killed insect pests 
without affecting the beneficial insects, and very few 
insecticides come within sight of achieving that ideal 
combination of properties. One of the first instances in 
this country of the destruction of beneficial species followed 
the introduction of tar oil winter wash for use on fruit trees. 
On apples and plums tar oil destroyed the predacious antho- 
corid bug (Anthocoris nemorum) and led to the develop- 
ment as a pest of the fruit tree Red Spider (Paratetrany- 
chus pilosus), chiefly in the principal fruit growing districts 
in Great Britain (Kent, Essex, Cambridge, etc.). The newly 
introduced parasite of the woolly aphid (Eriosoma) on 
apples, a Proctotrupid (Aphelinus mali) was also destroyed 
by tar oil and petroleum oil winter washes. 

The use of DDT sprays in orchards seems to have en- 
couraged the Red Spider. The increase is not gradual as 
might be supposed but immediate and of considerable 
magnitude. The mechanism is said to be through the des- 
truction of parasitic and predatory insects which would 
normally hold the Red Spider in check, and which are known 
to be susceptible to DDT. It is also known that certain 
non-contact insecticides such as lead arsenate can bring 
about an increase in Paratetranychus. This fact, sometimes 
overlooked, suggests that some mechanism apart from 
destruction of beneficial insects, may be playing a part. 
There is, for instance, the possibility of chemicals having a 
stimulatory action on the reproductive processes of Para- 
tetranychus. 1t may be concluded that unfavourable conse- 
quences are most likely to arise where DDT kills the para- 
sites of a pest which itself it does not adequately control. 
Each case must be judged on its merits; the value of DDT 
in controlling a pest may sometimes outweigh the conse- 
quences. 

BHC does not seem to do so much damage to xarasitic 
insects, but it does kill off pollinating insects, especially 
hive bees—to which DDT, on the other hand, does not 
appear to be particularly toxic. This trouble can be 
avoided by correct timing of BHC spraying and by using 
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the correct formulations. Liquid BHC sprays are generally 
preferable to dusts in this connexion: the iatter tend to 
leave powdery residues which are readily picked up by 
hairy insects like bees. Whether or not BHC has an effect 
on the Red Spider population is not yet settled. 

BHC has little effect on earthworms, whereas tar oil, 
derris and lead arsenate are extremely toxic to them. 

The results of using Parathion are inconclusive, but 
quite certainly it is highly toxic to ladybirds and their 
larvae, hover fly larvae and many other insects predacious 
upon aphids. It is highly toxic, too, to many species of 
insects which in nature keep the Red Spider in check. 
Destruction of beneficial insects by direct contact action is 
undoubtedly as great by Parathion as with DDT and 
BHC. Parathion, however, is more toxic to a wider range 
of pests and so tends to offset this disadvantage. 

Insecticides as a general rule have little effect upon 
plants. Here BHC is rather exceptional, though it must be 
remembered that other substances taint crops, for example 
naphthalene. Considerable data have been accumulated 
on the ability of BHC to cause taint in certain fruits and 
vegetables, first noted in Great Britain in 1944. Potatoes 
were rendered inedible by soil applications of BHC. Again 
in 1946 it was discovered that blackcurrants can also be- 
come tainted by treatment with BHC. Since then a number 
of other crops have been reported tainted. 

Many experiments in Great Britain on the tainting of 
crops by BHC have clearly defined the position which may 
be stated as follows: 


1. Crops that taint readily (potatoes, blackcurrants, 

grapes). 

. Crops that taint by direct application of BHC in 

large doses (carrots, beetroot, peas, onions). 

3. Crops that sometimes taint by application of BHC 
near to harvest (asparagus, cauliflower, lettuce, kale, 
etc.). 

4. Crops that appear without reaction to BHC (apples, 
broad beans, brussels sprouts, celery, cucumber, 
parsnips, strawberries, radish, tomatoes). 


m 


Mr. Stapley concluded by saying that research workers 
would now be well advised to turn their attention more to 
techniques rather than to the discovery of chemical com- 
pounds of higher insecticidal activity. Owing to their high 
degree of specificity it is impossible to grade insecticides by 
laboratory sorting tests only. Existing insecticides already 
form a considerable armament against pests; what is 
required now for the solution of many unsolved problems 
and for the cheapening of known solutions is the discovery 
of suitable techniques of application. Among these newer 
techniques is the use of systemic insecticides which are not 
directly toxic on contact with insects, but become so when 
introduced into and translocated by the sap stream of the 
host plant. It is probable that greater strides will be taken 
in this direction as newer and safer chemical types are 
revealed by further work. 

‘There have been suggestions that such chemicals may 
only become insecticidal after chemical change within the 
host plant. Perhaps we shall have to search for new 
products that can be transmuted within plant tissues,’ he 
added. 








“The development of operational research was one of the chief scientific features of 
the 1939-45 war. Through it, science entered into warfare in a new degree. . . scientific 
method was applied more consistently and deliberately to the use of weapons and the 
conduct of military operations.’’ So wrote the authors of Science at War (1947), the 
official illustrative account of Britain’s scientific war effort. A quarter of that book was 
devoted to Operational Research, and it highlighted the contributions made by such 
scientists as Prof. P. M. S. Blackett, Brigadier B. F. J. Schonland, the late Prof. E. J. 


Williams, Prof. S. Zuckerman and Dr. C. Gordon. 


There remained, however, a 


certain atmosphere of mystery about the whole subject—possibly because O.R. 
scientists had had to work exclusively on military and therefore secret problems. 
Because of the secrecy it was difficult for anyone to make a fair assessment of the value 
of Operational Research, and to calculate how far its methods could be applied to the 
study of peacetime problems: because of the mystery, which was born of secrecy, 
many people, scientists among them, developed a hard-bitten prejudice against O.R. 
A truer judgment on O.R. is becoming possible now that there is an Operational 
Research Club in Britain which publishes a journal called Operational Research 
Quarterly. This article, by a scientist with long experience of O.R. work, does much 
to clear the air of mystery away from the subject and we reprint it from Operational 
Research Quarterly because we feel it deserves to be read by everyone who is interested 
in the widest possible application of scientific methods. In particular it provides an 


acute assessment of the qualities needed in O.R. scientists. 


Operational Research Scientists 





H. A. SARGEAUNT 


THERE is no tradition for teaching operational research, and 
what is written here is an individual view; but it is the result 
of an experience that extends over nearly eight years—of 
being taught and of teaching. 

I was for a time head of the Army Operational Research 
Group which had a total of about sixty scientists, including 
scientific assistants. To begin with, I believed it sufficient 
to select one’s personnel carefully and that their training 
was a minor matter. I no longer agree with that. 

Firstly, several of those chosen for their statistical know- 
ledge failed to grow into good operational research workers. 
Secondly, those who had not a full scientific training, or 
who were not obtaining one, proved of little use in spite of 
the keenness for which they had been chosen. Thirdly, 
several people, written off as dull, changed quite surprisingly 
when teamed with a go-ahead group; they developed a nose 
for problems. And fourthly, there was a vague uneasiness 
in the air at the habit of unrealised humbug that many 
older operational research workers were thought to have 
developed. I argued that if their good work was to be 
retained and their nonsense eliminated a refresher course 
must be provided. For myself, any scheme of training that 
cannot deal with these four points is inadequate. 

Three main aspects are normally stressed in teaching 
classical science, and these will be taken in turn as far as 
operational research is concerned. 

These are: 

(a) An adequate skill: 
(b) The acquisition of a scientific spirit and tradition; 
and (c) (more difficult to express) the creation of a character 
and behaviour suitable to members of a scientific 
group or institution. 

We are at present far from such standards in operational 
research but they clarify the object of the more controver- 
sial steps | shall advise. 


An Adequate Skill 


To begin with, as to the adequate skills that should be 
taught in operational research, these are of two types: the 
skill to choose the form of analysis most useful to the 
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executive one is trying to help, and the skill to collect the 
facts and to analyse them in the chosen form. 
As to the first type, | have grown to disagree with present 


practice in its stress on the teaching of statistical methods, | 


not because I would not use statistical analysis—that would 


be fantastic—but because it is only a part of operational | 


research, and good Statisticians do not necessarily make 
good operational scientists. The object of operational 
research is to help those in executive control to come to 
wiser and better decisions. That is basic, but it implies that 
control of events can be improved by a knowledge of the 
facts collected by science. But how? The answer is not 
obvious, and yet without a thorough grounding in this 
subject no operational scientist is fully equipped. This 
matter is so important I will allow myself to digress. One 
cannot discuss training unless one knows what one Is train- 
ing for; and it is this I wish to clarify and rescue from the 
doctrine that at present engulfs it. 

Most of us have seen the careful worker who has labor- 
ously used statistical analysis, has tested and amplified his 
figures, only to discover that the ieader to whom they were 


presented has already decided and passed on to new prob- | 


lems. Events are often so transient that decisions can only 
be made on a quick appreciation, an overall look by an ex- 
perienced executive. He sees the field of events and decides 
and what he wants Is to visualise as much as he can in one 
sweep of his mind. Thus what he demands is something 
quickly available that will enlarge and focus his vision. To 
provide a subtle and intricate statistical analysis for part ol 
the subject will be a hindrance to such a man because it will 
break and disturb the wider sweep of his judgment that 
must cover the whole field. And this a scientist must be 
taught. 

There is a strong classical tradition that science is a wa} 
of describing and presenting events. It is the teaching 0! 
this tradition that should be amplified, remembering that 
the object is to include only such a degree of detail as will 
help the leader to come to wise decisions. In such cases 
the skill of the scientist lies in the development of quick 
ways of collecting facts, and in simple ways of presenting 
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them, such as maps of events, or models. Perhaps the reason 
why the teaching of statistical induction has been so over- 
stressed since the war is because there have been many 
demanding planners who have been acting in limited and 
special fields. Statistical induction is ideally suited to meet 
these limited needs, but in the wider actions of the world 
more is required, as a scientist must learn. 

For example, in the early days of battle in Normandy 
during the last war, the sway of events was so changing and 
transient that decisions had to be made quickly. Com- 
manders wished for a map of events, of relevant events. 
So too, when an exporter is trying to fit into an active 
market, he wishes for an immediate knowledge of relevant 
facts. In both cases, it is the invention of techniques for 
collecting the data that is the problem. In neither case 
have really satisfactory techniques evolved. Classical 
scientists have developed the electron microscope to study 
minute events: equally operational scientists must be taught 
to invent techniques for quickly collecting knowledge 
about widely scattered events. 

I have stressed this fact, of leaders under certain circum- 
stances taking quick decisions, not to decry the teaching of 
statistical analysis—I repeat, that would be fantastic—but 
to show that in many cases statistical analysis is totally 
irrelevant, is indeed harmful, and that what must first be 
taught the recruit is how to distinguish when and where 
each form of analysis is relevant. The way in which the 
recruit should be taught is to train him to put himself into 
the frame of mind of the leader taking the decisions. He 
must be taught to develop a controlled imagination as to 
what it means to be in executive power; how sometimes it is 
immediate action that counts; sometimes (as in planning a 
future large-scale operation in peace or war where much of 
the future cannot be known) it is the asking of the right 
questions; how sometimes it is the patterns of behaviour 
and their statistics; and so on. That is the basis of an 
operational scientist’s education in skill; and without this, 
the rest is futile. The ultimate modes by which men control 
events are several; and the scientist must know which is 
being used at any given moment, and how the modes of 
analysis of science fit into them. And that is fundamental. 

Once the scientist is sure of what mode of control the 
leader is using, and the best corresponding mode of scien- 
tific analysis, then he must decide what facts to collect. 
This is easy to teach because it is akin to the ordinary 
techniques of science. If one is studying a pattern of events, 
then the collecting of data for statistical analysis is ob- 
viously suitable—a Trade Union Official is quite ready to 
be helped by a Gallup Poll where he would ignore subtle 
arguments. Or, by contrast, a business executive planning 
a new development is ready enough to listen to facts about 
whether he is asking the right questions. Here again the 
teaching of what are the best data to collect in such a case 
is not hard. A scientist who has been well trained in a 
critical laboratory, where the purpose of every experiment 
has been argued to the full before it has been undertaken, is 
already well versed in this technique of collecting facts to 
help decide if he is asking the right questions. So too with 
other modes of analysis. 

Here then is my explanation of why an operational re- 
search worker should be a good ordinary scientist. These 
Ordinary skills are essential to him. Those who are not or 
cannot be made good scientists’ are not needed. 
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Now for the second aspect of classical training: the ac- 
quisition of the scientific spirit and tradition. In the 
ordinary way of science, this is attained by working under a 
good scientist whose outlook and presence pervade the 
whole group. The same should happen, and on the whole 
does, in operational research, but it should do so in a rather 
special manner because operational research demands an 
extension of the normal spirit of science. 

I am very obstinate on this point. I have worked under 
or with many successful men in this field, have studied 
many more, and am convinced that at their best they add 
a new quality to organised science. I would define this 
quality as a higher degree of scientific sensibility. Let me 
explain. 

The virtues of traditional science have been derived from 
those qualities which the great scientists of the past have 
displayed: Galileo, Newton, Harvey, Faraday and so on. 
No one term covers all these qualities, but perhaps the term 
“scientific elegance”’ gathers together such ideas as lucidity, 
brevity, penetration, generality and so on. At any rate, 
I shall use it here to signify the integration of qualities that 
classical science has given us, those qualities for which high- 
class scientists are chosen and paid. My claim is that 
operational research should teach one other virtue besides 
scientific elegance—namely, scientific sensibility. 

I would amplify my definition of this quality as that 
subtle awareness that can feel and experience events in 
such a way that potential scientific problems are quickly 
sensed. It isan awareness, SO One may imagine, that nobody 
but a scientist will possess to the same degree, an aware- 
ness that can see food for scientific thought in the problems 
and decisions of other people. It is interested in actions 
outside science, and yet is interested in these actions in 
terms of scientific possibilities. If it were an easy quality 
many would possess it. I claim it is a hard quality to 
acquire. I would say that it has been exemplified by such 
workers as Sir Charles Goodeve, Professor Blackett and 
Professor Bernal. Scientific sensibility is a quality of 
thought and experience, and it is something that should be 
added to the scientific training and spirit of operational 
research. It is something for which operational research 
workers should be chosen, paid and promoted, and for 
which they should be encouraged and trained. I will not 
pretend that I think this quality of scientific sensibility easy 
to demonstrate. Many classical scientists certainly pos- 
sessed it, but it was not important for science in its develop- 
ment during the seventeenth and eighteenth centuries. It 
was more appreciated, especially in biology, during the 
nineteenth century, but I do not think even here scientists 
were advanced in their profession because of it. As I 
believe this quality is best encouraged in a varied group, 
that is the reason why nowadays I would team my recruit 
with such people 


Character and Behaviour 


Lastly, to the third aspect of training: the creation of a 
character and behaviour suited to the members of a scien- 
tific group or institution. This may be thought an 
unnecessary frill, but it is essential, in a widened form, for 
operational research, or indeed for any scientific adviser. 
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Living sO much amongst other scientists, we are apt to 
forget how we appear to others when we attempt to sit at 
the same committee or argue in public with them. In the 
thrust and parry of taking decisions and in collaboration 
with others, a first-class practical scientist will appear 
passable; any other scientist will seem inadequate. This is 
a personal judgment with which many scientists will per- 
haps disagree, but before accepting their verdict, judge dis- 
passionately or ask an unbiassed spectator. I do not think 
such tests will contradict my assertion. 

If true, it is not a criticism of the intrinsic merit of 
scientists, but of their training. A well-trained diplomat will 
perform his public functions far more adequately than his 
intrinsic capabilities warrant. His outward form and be- 
haviour have been schooled, so that whatever wisdom he 
has to impart is fully effective, and his folly is hidden. 
Our present public tradition for behaviour amongst 
scientists is based on the standards of behaviour in our 
learned societies. Such behaviour is inadequate for the 
wider world to realise the qualities of scientists in action. 
I do not know what is to be done, except to study both 
those who make, and those who fail to make at least some 
success of it either by fitting into an organisation or by 
their personal presence and behaviour. 

As an example of fitting into the mechanics of an organ- 
isation I once worked for an adviser who, in the written 
word and minute, successfully dovetailed scientific advice 
into official policy. Under his direction, a scientific memo- 
randum was broken up into its component parts and dis- 
tributed where the parts could best be used. He was a 
professional in this respect, and his technique worthy of 
study in training operational research scientists how to 
integrate themselves into an already working modern 
administrative machine. 

But it is in one’s personal behaviour that the greatest 
trouble comes. Those scientists who impress the layman are 
apt to strike their fellow scientists as either windbags or else 
political mountebanks, never ceasing to compromise; while 
those scientists who impress their fellow workers are apt 
to strike the layman as either ineffectual, or else as having 
some inner hidden motive behind their cautious vacilla- 
tions. If I exaggerate, I do not exaggerate greatly. I would 
find it hard to point to more than a very few scientists in 
higher posts who strike me as having an automatic trained 
behaviour and speech that reflected the true worth of their 
undoubted ability. To every one such I could name, I could 
name ten who failed to do themselves justice. 

It may be claimed that this is not pertinent to operational 
research. But if leaders and executives are to be assisted by 
scientific knowledge, it is important that an etiquette and 
outward form of behaviour should be evolved that reflect 
the qualities of what scientists can do and their worth. I 
can see no short cut to attain this except by trial and error; 
holding firmly to what succeeds and discarding what fails. 
But this presupposes an intelligent school of thought where 
such subjects are raised, and where people’s behaviour can 
be wisely and generously, but also critically, discussed. The 
poverty of the present position can be seen by the persistent 
and apparently seriously given advice that an operational 
research worker should be a good social mixer or at least 
a drinker of beer. Such a gift might perhaps be a minor 
adjunct, but given as major advice it is a declaration of 
bankruptcy. It is to acknowledge that one’s formal 
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behaviour is inadequate. And yet I fear it is the truth. 
Operational science needs to decide what it should discard, 
and to perform such discards ruthlessly. 


Recruiting Staff 


So much for the formal aspects of training. Naturally 
each leader in operational science will have his own solu- 
tion of how these principles should be translated into 
practice. My own advice, for what it is worth, is the 
following. 

For those about to increase their staff with recruits who 
have never been in operational research, only choose al- 
ready qualified scientists, or those willing and capable of 
quickly becoming so. Having chosen your man, team him 
with a capable and varied group who are used to working 
together. (My ideal group, ignoring time and seriousness, 
would be Darwin for field work and to collect the facts— 
but not to write the reports, he would be too slow; Karl 
Pearson for statistics because of his flexible mind; Faraday 
to ask the right questions and for any experimental veri- 
fications; and Bertrand Russell for the logical appraisal 
of what was concluded, and to provide that degree of irri- 
tation and stimulus without which no group can remain 
urgent and vital.) Where convenient, let your recruit be 
present when you are discussing problems with the execu- 
tive or leader whom you are advising and for whom the 
operational research is ultimately being done. After a time 
of such team-work and coaching, your recruit should be 
allowed out on his own for minor problems. 

For those already in operational research who wish to 
improve, my practical advice is to form a study-group with 
one of its purposes to criticise operational research 
adversely. Try to get as guests, non-scientists, and scientists 
other than operational research workers. Spend more than 
half your time in discussing those people and those studies 
that have failed. Grant privileged comment. Be ruthless 
especially to those present. Say bluntly where you detect a 
fraud. Discuss what operational research today does not 
want; decide what is to be rejected. 

My advice to those not yet in operational research, who 
wish to learn something of it, is to go to formal lectures 
that are primarily based on statistics—in spite of what | 
have said. I deplore the present excessive accent on Sta- 
tistics in operational research, but some firm peg is needed 
on which to hang one’s attention. The best peg is practi- 
cal experience; but where impossible, use a mature tech- 
nique such as statistics. Listen with the resolve to widen 
out later, which can best be done by attending the study- 
groups I have suggested above, or by attaching oneself for 
holiday periods to active workers. 

Lastly, nothing can take the place of continuous practice 
and enthusiasm in operational research itself, just as for a 
higher degree in any scientific field, nothing can take the 
place of practice and enthusiasm in that particular science. 

I started by stating that this article would express my 
individual views. It has certainly been individual, and 
perhaps provocative as well. I shall be content if I have 
demonstrated to others the reasons for my more debatable 
instructions: that statistical analysis should not be over- 
stressed, that only qualified scientists or those about to 
become so should be chosen, that they should be teamed 
with a variously minded group, and that Operational 
Research should decide now what it is going to reject. 
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Photo: Rothamsted Experimental Station 


Fangy roots in sugar beet (/e/r): the result of acid soil, contrasted with a root grown in neutral soil. 


Soil Analysis and the Farmer 





WILLIAM H. BOOTH B.Sc. (Agric.) N.D.A. 


GROWING crops require for normal growth and remove 
from the soil seven main elements—Nitrogen, Phosphorus, 
Potassium, Calcium, Iron, Sulphur, and Magnesium. Of 
these the farmer consciously replaces only the first four by 
manuring; the other three, which are required in relatively 
small quantities, are present as impurities, so to speak, 
in the manures, and are replaced unconsciously. 

Until recently the application of artificial manures to 
land was a haphazard business, being based mainly on 
guess-work. This resulted in some elements being applied 
in excessive amounts, while others were not applied in suf- 
ficient quantities, giving rise to deficiencies and consequent 
lowering of crop yields. 

An analysis of the soil can show exactly how much of 
each of these four elements is required in order to ensure 
normal plant growth, but ordinarily the farmer himself has 
neither the facilities nor the knowledge to carry out such 
an analysis. This is done for him by the NAAS— 
National Agricultural Advisory Service of the Ministry of 
Agriculture, which has centres in every county staffed by 
specialists in every branch of agricultural science, who can 
give the farmer free advice on all technical problems. Soil 
analysis is just a small part of the work of the NAAS. 

At the farmer’s request an advisory officer will come to 
the farm, and take away a sample of soil from each field for 
analysis. The samples are taken with a soil auger; two or 
three cores per acre are taken from the one field and these 
are mixed together to provide a sample reasonably repres- 
entative of the soil in that field. If a field contains more 
than one type of soil, separate samples are taken of each 
type. 

On reaching the laboratory the soil is air dried and four 
main tests are carried out on it. These are: 


(1) A determination of the pH value, this being a measure 
of the acidity, pH 7 is neutral; anything higher than 7 
is alkaline, and anything below 7 is acid. 

(2) A determination of the amount of lime required. This 
is estimated in terms of the amount of burnt lime 


(calcium oxide) required to bring the soil into the pH 
range 6:0—6:°5, which suits most farm crops. 

(3) An estimate of the amount of phosphate present in a 
form available to growing plants. 

(4) An estimate of the amount of available potash present. 


No estimate is made of the nitrogen content, because the 
nitrates are leached out of the soil so rapidly that reserves 
of this element are never built up, with the result that 
nitrogen needs be replaced every year in approximately 
fixed amounts in all types of soil. 

The pH value is very important because certain crops, 
such as barley, wheat and sugar beet, will fail on soil with 
a DH below 5-5, while other crops (e.g. oats and potatoes) 
will grow well even though the value is below pH 5-0. 

The actual pH value is determined in a matter of seconds 
with a potentiometer but, valuable though this figure is to 
the farmer in helping him to plan his cropping, it gives no 
indication of the amount of lime he needs to apply to his 
soil in order to bring it within the right pH range. This 
lime requirement varies considerably from soil to soil: it 
is measured by taking two portions of the sample and 
shaking them for twelve hours with different quantities of 
lime water (calcium hydroxide) and finding the pH levels 
to which the fixed quantities of lime have raised the soil. 
These, together with the original pH value, are then 
plotted against the amounts of lime added, and the resul- 
tant graph indicates the weight of lime required to raise the 
soil to any desired pH value. 

The available phosphate content is determined by 
Kersanov’s method. This consists, briefly, of extracting 
the soil with hydrochloric acid and adding molybdate 
solution and stannous chloride which causes a colour to 
develop. The colour so produced is compared with a 
standard scale; dark blue on the scale indicates an adequate 
supply of phosphates and a light blue or greenish-blue 
indicates a low phosphate content. 

Potash is assayed by a biological method. This involves 
growing a mould (Aspergillus niger) for five days on a 

[Continued on p. 250 











Social Science of the Ageing _ 


F. Le GROS CLARK, M.A. 


WHETHER the Scriptures were right in saying that the poor 
are always with us may be matter for argument, but certain 
it is that we always have with us the ageing and the aged, 
and statistical trends suggest that we shall have more and 
more of them. The problem is one of growing concern for 
the sociologist. Dr. Alex Comfort’s article on “‘Research 
in Ageing’ (Discovery, Sept. 1950) touched in its conclud- 
ing paragraphs upon the social implications of the problem, 
and I shall here take up his parable with a brief comment 
on modern lines of research. 

Since we are all growing older, the problem will sooner 
or later affect a large proportion of us; and in any case it is 
unthinkable that a civilised community should not care for 
its ageing members. Ageing, however, is a matter not of 
years but of capabilities; the more important question at 
present facing us is not whether we shall on the average 
live longer but how we can contribute to the economic life 
of the community. In other words, how large a section of 
the population will the productively fit among us have to 
carry on our shoulders? That we have to carry the young 
is obvious; if in addition an increasing number of ‘over 
sixties’ remain physically or spiritually incapable of making 
their contribution, the economic burden on the employed 
population will gradually become excessive. 

Does the fact that we can prolong life mean that we 
have found ways of prolonging human vigour? That is by 
no means certain. In our hospitals many old persons are 
now kept alive for at least five years longer than would 
have been possible twenty years ago. Many of them are 
capable of remedial work such as basketry, mat-making and 
other light craft occupations. That is all to the good, but 
such products have a very limited and unstable market; and 
it is clear that, when we speak of prolonging working 
vigour, We mean vigour in relation to the ordinary indus- 
trial life of the country. If the ageing are to become to an 
increasing extent producers as well as consumers, they 
must continue to be part (however smal! a part) of the 
normal productive process. 


Old Age through the Ages 


The problem of ageing rarely affects communities of 
wild animals: most of their members die in the prime of 
life; and if the problem does arise, it usually disappears 
quite speedily as a result of natural selection which weeds 
out the less fit individuals. 

Occasionally the attitude of the so-called ‘primitive’ 
societies of the world towards their ageing has attracted 
the interest of anthropologists. No very close study seems 
to have been made of the moral values involved, but it 
seems fairly clear that even where the old and infirm are 
ushered quietly out of life, their consent has been sought 
and obtained by the tribe. It is a traditional method of 
freeing the limited food resources of the primitive group; 
and it implies no inherent disrespect for those who are no 
longer able to play their part in production. Respect for 
old age is, in fact, a characteristic of most human societies, 


and it has reached a high level in many of the countries of 


the East. The truth is that the problem of the ageing is a 
problem of modern industrialism. Among the peasant 
families and the families of craftsmen, from which most 
of us originally sprang, the problem scarcely existed. The 
skill of the ageing craftsman remained with him, even 
where his work was slower; and he had acquired, moreover, 
an experience of market conditions and of the routine of 
work on the farm or in the workshop that was of continued 
value to each successive generation. His sense of playing 
his part remained, and he had neither to seek employment 
outside his home nor adapt himself to new machines and 
new processes. With the Industrial Revolution all that 
changed, and the skills a man had acquired during his 
formative years were too often outmoded by the time he 
was fifty or sixty years old. 


Statistics of Ageing 


Most of the countries with an advancing expectation of 
life have experienced a declining birth rate, and there has 
usually been in addition a tendency among them to prolong 
the period of schooling. These trends have had the result 
of slowly shifting the weight of dependency from the be- 
ginning to the end of life; and it is as well for us to see 
what the figures imply. The figures cannot be entirely 
accurate; but it is reckoned that, whereas in Western Europe 
and North America only about 25 °%% of the populations are 
below fifteen years of age, the proportion below fifteen in 
Africa, Asia and Latin America is at least 40°,. In the 
advanced countries, a large proportion of the ‘below fif- 
teens’ are still non-productive, though in simpler communi- 
ties productive work of a kind may begin at an early age. 
On the other hand it is doubtful whether more than 5°, 
of the populations of Asia or Latin America are over sixty 
years of age; and of this 5°, a considerable proportion are 
still actively engaged in some economically useful work. 


In Western Europe and North America there are propor- | 


tionately at least twice—and in some countries three times | 


—as many of the ‘over sixties’, and a far lower proportion 
of them are contributing to the productive life of society. 

There are naturally three reasons for this. In the first 
place Asia and Latin America are still predominantly 


peasant economies; and there is no reason why many of the | 


ageing should not engage in some of the occupations to 
which they have been accustomed. In the second place a far 
larger proportion of them than is the case in the advanced 
countries are still on the active side of seventy; for after 
sixty-five or so they die off rapidly. Finally, there are few 
pension schemes to attract them out of the labour market; 
their traditional philosophy is that of ‘dying in harness’ or 
resort to begging. Once again the figures cannot be very 
reliable, at all events for the countries that are adminis- 
tratively less advanced; but they reflect the inevitable trend. 
It has been recorded in recent years that in the Netherlands 
and the United States only 35-40°% of the men of sixty-five 
or over were still economically active, whereas in Egypt and 
Peru figures were respectively 89°, and 82°%. Intermediate 
between these extremes lay Japan with 59° and Italy with 
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61°. Plainly, while no country can be free of the problem 
of the ageing, the problem in the new form of its relation 
to the country’s economic well-being is peculiar to the highly 
industrialised nations of the world. 

Yet all nations will sooner or later have to face it, be- 
cause, as Dr. Comfort pointed out in his Discovery article, 
the increasing ‘survival rate’ among the young means that 
the average expectation of life is steadily advancing. In 
1900 the expectation of life among males at birth in the 
U.S.A. was about 47 years; in 1940 it was about 61. In the 
Netherlands between the same two dates the average expec- 
tation of life among males was prolonged from about 51 
to about 65 years. It is thus significant that in Jamaica 
between 1920 and 1940 the average length of life for males 
was prolonged from 36 to 51 years; and in Bulgaria between 
1900 and 1928 medical science had advanced their average 
length of life from 40 to 45 years. There is thus reason to 
suppose that we are dealing with a trend that may become 
common throughout the world; and we must further 
realise that it will accompany increasing industrialisation 
in all the countries affected. The countries, in other words, 
will not only have to deal with an increasing number of 
ageing people but will have to deal with them under the 
complex conditions of modern industry. In that case, it is 
evident that Britain, where the shock of this emergent 
social problem has come early, can do a vast service to the 
world by plotting a path towards its solution. 

At some time in every country the proportion of the 
‘over sixties will rise to its maximum; for there is little 
likelihood at present that we can prolong the average span 
of life beyond 75 years or so. Taking that as a reasonable 
limit, we may expect the older persons to account in the 
later years of the century for at least 18 to 20°. of the 
populations of Western Europe. At all events that is the 
proportion for which we should now prepare ourselves. 


Industry and the Ageing 


What we have to deal with in modern industry is a world 
in Which men seek work outside their own homes; their 
capacity for a job is sized up by employers, managers and 
foremen; and these have to take into account the changing 
processes in a plant and what they be/ieve to be the inherent 
qualities and potentialities of the ageing. Now, it is 
obvious that what they usually believe about the ageing 
may not be true at all; but it is equally clear that they tend 
to select younger men both for managerial and operative 
jobs in a large number of cases. Why? Partly because 
machine operations have taken the place of skills in many 
industrial processes; the skilled craftsman has passed into 
the semi-skilled worker, in whose manipulations timing is 
important and timing in relation to a working team often 
essential. The prevalent idea is that older men will not 
stand the pace; and in many instances this may be true. 
Their rate of production is almost bound to slacken and if, 
as is likely, they are asked to master operations they have 
never done before they may rarely attain the speed of 
younger men. There are, of course, many other difficulties, 
some of them inherent in a commercial civilisation and 
some peculiar to special industries. For instance, market 
conditions change; and a man who gained his managerial 
experience in the twenties of the present century may not 
be familiar with the ‘tricks of the trade’ of the early ‘fifties. 
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Then again some occupations involve the consideration of 
the element of public risk; it is obvious, for example, that 
at a more or less fixed age a driver has to pass on to lighter 
and slower vehicles. The difference in pure physical strength 
is rarely a handicap. Indeed, if a manual worker is still 
vigorous at sixty years, the chances are that he can continue 
at his job for several years longer, provided only that he is 
permitted to work in his own time. He is probably making 
a series of compensatory muscular and nervous adjustments 
that are in their nature largely unconscious; but these take 
time to develop, and it is fatal to draw them into con- 
sciousness by hurrying him. 

It is impossible, in fact, to generalise about the capacity 
of various industries for absorbing the work of the ageing. 
Some are clearly more adaptable than others; and we shall 
sooner or later have to examine the problem industry by 
industry. When we do, we shall probably find that what an 
ageing man needs is a job he can do at his own pace and in 
his own way. We have, in other words, to recognise that 
the proper industry for the ageing 1s one in which each man 
controls his own machine or tool; and in which the speed 
of the process can be geared down to meet each stage in the 
declining physical powers of the operative. 

A social scientist, investigating the effect of an ageing 
population, might be led to suggest that industry as a whole 
has to face certain adjustments. For instance, it may mean 
that individual machines have an advantage over the ‘cog 
in the machine’ production lines; and it is indeed possible 
that industry will gradually veer in that direction. The loss 
of speed would be compensated by the power to absorb 
a far higher proportion of the older tried operatives with 
their acquired understanding of machines and materials. 
Then again, as the average age of the labour force slowly 
rises in a country, as the school-leaving age is advanced and 
the age of retirement is delayed, the average speed of output 
may correspondingly decline. The total output could 
remain as high; but the fempo of life would become more 
leisured and sedate. In our present exploratory stage all 
this is matter for surmise; but it serves to show the kind of 
problems that require attention. 


The Psychology of Retirement 


I shall make further reference to what is known about the 
capacities of the ageing. But I must mention in passing 
the widely held view that a pension damps the willingness 
of the ageing man to continue in occupation. Does it? 
If it does, it is partly in the nature of his own mental adjust- 
ment to a prevailing way of thought. At all grades and in 
most industries he finds it increasingly difficult to get work: 
and this has been the experience of the ageing for many 
years past. It is true that, if managements adapted their 
practices and became far more absorptive than they are, 
it might still take some time to persuade the ageing men 
themselves to look upon continued employment as a 
spiritual need; but it would be hopeless to begin a campaign 
among the older men and women until we had made sure 
that managements had overcome their ‘too old at forty’ or 
‘too old at sixty’ attitude to life. For another thing, we are 
apt to speculate about the motives that incline a man to 
retire as soon as he reached pensionable age. The motives 
lie deep buried in the family and social patterns of thought; 
and here we tend to rely too much on rather superficial 
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‘opinion polls’ instead of carrying our inquiries down into 
communities. This is an instance where a few intensive 
small-scale studies would probably tell us far more of what 
is happening than a deal of the social surveying that has 
become all too fashionable today. 


Skill of the Ageing 


It is natural that there should have been some convergent 
scientific work upon the problem. In the field of psychol- 
ogy, for instance, we have the recently published report 
of Welford and his colleagues from the Cambridge Psycho- 
logical Laboratory (Ski/l and Age, Oxford University Press). 
Taking groups of men of various ages, Welford applies a 
series of tests in an effort to distinguish the factors that 
influenced the acquisition of new skills and the maintenance 
of old ones; he made a few tentative inquiries into the 
experience of industry; and if the results, as he suggests, 
prompt more questions than they answer, they at least help 
us to decide what questions to ask. For that is the first 
duty of every scientist. I think that one of the most inter- 
esting comments is that referring to the acquisition of new 


skills by men of an advancing age. A new skill may, of 


course, imply an entirely fresh job; but it may mean a new 
approach to an old job, and possibly that will turn out to 
be the more complex of the two processes. One may 
apparently put it in some such way as this, though the 
whole subject is still entangled in surmise. A man of fifty, 
as he shapes up to a new mechanical problem that has to be 
mastered, sees all the salient features, not with the callow 
and wondering eyes of youth, but with those of maturity. 
That is the trouble. His mind is already organised to meet 


SOIL ANALYSIS AND THE FARMER —continued from p. 247 


mixture of the soil under test and a nutrient material con- 
taining all the elements essential to the growth of the mould 
with the exception of potash. The weight of the mould pro- 
duced in the five-day period bears a direct relationship to 
the amount of potash which is available for plant growth in 
the soil. 

The farmer does not receive the analysis simply as a set 
of figures but on a specially prepared sheet and accom- 
panied by an explanatory letter from the advisory officer. 
A typical result would be as follows: 





Lime Requirements 








Field | pH Phosphate} Potash 
No. To pH 6:0\To pH 6°5 
l 5:4 15 25 Low High 


























This analysis shows that although it would be quite safe 
to grow potatoes or oats on the field, it would be inadvis- 
able to grow wheat, barley or sugar beet, as these crops 
would very likely fail due to the low pH. In order to 
remedy this and make the soil suitable for the growth of 
any farm crop, it would be necessary to apply at least 
15 cwt. per acre of burnt lime, preferably 25. The potash 
content is quite satisfactory, and normal manuring will 
suffice to keep it at its present high level. On the other hand, 
the soil lacks available phosphorus, and a dressing of at 
least 3 cwt. per acre of superphosphate would be needed 
to guarantee a crop against phosphorus deficiency. 
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many similar situations; and indeed its very wealth of 
stored reactions may tend to side-track and confuse the 
new-learning processes, at all events for a period. 

If he is over-anxious about his performance or doubtfu! 
of his ability to ‘learn new tricks’ he may, of course, have 
further difficulties; but assuming that he is emotionally 
stable, he still has to learn to unlearn some of the old well- 
tried responses. In short, the question we may have to ask 
is “‘How far can men of fifty or sixty undergo a rebirth, 
enter into a new nervous lease of life?’ It is not impossible, 
provided the social conditions are favourable. We should 
have to be assured, for example, that the ageing worker 
feels that there is no loss of status, that he is respected, that 
his pension is sufficient to compensate him for his failing 
bodily powers. But if we can create this favourable climate 
of opinion, there seems every prospect that the working 
life of most men could be indefinitely prolonged. 

My purpose has been to illustrate the manner in which 
various sciences are now beginning to concentrate upon this 
absorbing problem. In the next few years the literature on 
this subject will become vast, and at times perplexing. 
Underlying all our inquiries is our doubt as to the precise 
nature of the ageing process. Can we by taking thought 
add ten years to our vigour? Is continued and rewarding 
work an outcome of vigour, or not rather its necessary 
condition? How far is healthy old age inherited, and how 
far is it the product of an abstentious life? By the age of 
sixty much may be done to prolong life, little perhaps to 
prolong health and adaptability. It is partly upon the 
answer to these questions that our social and economic 
future depends. 


The advantage to the farmer of having every field on his 
farm analysed can be readily appreciated. He gets a clear 
idea of the exact status of his whole farm so far as lime 
and manures are concerned, and he can plan his cropping 
accordingly so that he grows those crops which can tolerate 
acidity on the lime-deficient fields until an opportunity to 
make good the deficiencies arises. He knows exactly 
how much of each type of fertiliser he needs to apply 
to each field, thus ensuring that while he is applying 
sufficient for the crop’s needs he does not put on more than 
is necessary. He thus has the satisfaction of knowing 
that if any crop fails, it will not be due to a manurial 
deficiency. 

Soil analysis has proved valuable in saving crops which 
show signs of failing in the young stage owing to a deficiency 
of one of the major elements. In such a case it is rare to 
see a whole field fail; instead a patchiness develops, and if 
samples are taken from the good and bad areas a com- 
parison of their analyses almost invariably shows a signifi- 
cant lack of one of the major elements in the sample from 
the bad area. A quick application of the necessary ferti- 
liser usually results in a spectacular recovery. Care is 
needed in such cases to ensure that the cause of the crop 
failure is a mineral deficiency, and not an attack by disease 
or some predatory insect. 

Soil analysis is doing a great deal to increase production 
on British farms. Already the NAAS laboratories are 
handling over 175,000 samples annually, and this number 
is likely to increase greatly as more farmers come to appre- 
ciate the value of the tests. 
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Science in Russia—lIl 


SOME ACHIEVEMENTS IN PHYSICS” 





Cc. t. MATZ 


Russia has not yet produced one single physicist of the 
stature of Newton or Faraday or Einstein—to name only 
three from the world of physics in the past three centuries. 
There has been no Russian physicist to receive a Nobel 
prize. Nevertheless Russia has nurtured a number of out- 
standing men whose achievements in physics have been 
everywhere acknowledged. 

The cause is rooted in the turmoil of Russian history; 
it is rooted in her geographical position in that she is both 
of the East and of the West, and it is only in her contact 
with the West that Russia has ever produced scientists of 
note and scientific work that is read outside her borders. 
Peter the Great started it. His ‘off-long-beards’ order was 
the symbol of his attitude. He was intensely interested in 
technology, and many foreign technicians and scientists 
were welcomed at St. Petersburg in the early eighteenth 
century. There the Imperial Academy of Sciences was 
founded in 1725 (the year in which Peter died), and with 
this event the story of Russian Science begins. This academy 
was renamed the All-Union Academy of Sciences in 1925 
and moved to Moscow in 1934. From the beginning it led, 
and it still leads, the field of Russian science. 

The big names were at first all foreign—men of the stamp 
of the Bernouillis and Euler and Richmann. It was not 
until 1742 that a true Russian came to the front as a savant 
and scientist. He was in fact the only Russian member of 
the academy at the time. This man was Michael Vassilye- 
vitth Lomonosov, whose portrait is now the centre-piece 
of the cover of the Moscow Journal of Physics. 

Lomonosov was born in 1711. It is usually stated that 
his father was a fisherman, a bald statement that is liable 
to produce a misleading effect. This man should be pictured 
not as a poverty-stricken serf, living and dying in the same 
old threadbare clothes, or as a pious Galilean, but as what he 
was: a shrewd trader in deep-sea fish with the Scandinavian 
countries and with Moscow, who owned a two-masted ship 
in which he sailed as far off as the Arctic Circle, sometimes 
taking his son with him. He was the leading citizen of his 
village on an island in the White Sea. Lomonosov's father 
traded not only in fish but also in timber and other raw 
materials available from the forest and the earth. When his 
village was burned down he contributed a considerable sum 
to its rebuilding, which included the erection of a new 
stone church. 

This man was himself illiterate and apparently had no 
sympathy with education. But his son Michael was early 
able to consume all the books he could lay hands on. He 
took himself off defiantly when he was twenty, and pro- 
ceeded to lie himself—he pretended that his father was a 
noble—into a school run by monks. He later planned to 
lie himself into the Church to gain further education, but 
this became unnecessary when the Academy of Science gave 
him his chance. The head of the Academy insisted that 


* The first article in this series appeared last month: it was written 
by Prof. Eric Ashby and dealt with Russian botany. Chemistry 
will be the next subject in this series. 


twenty students should be taken in so that the knowledge of 
science should not be kept merely as a prized academic 
possession. Among the twenty was Michael Lomonosov, 
and he had not been long in St Petersburg when he was 
sent with two others to learn all he could of science and 
technology in two years at Marburg in Germany. In 1741 
he was back in St. Petersburg, where he soon became a 
thorn in the flesh of his German superiors. By 1742 he 
was an ‘adjunct’ or assistant-professor, probably as the 
result of two papers he had presented as a student; one 
dealt with a ‘burning-instrument’ depending on refraction 
and reflection, and the other was on the physico-chemical 
aspect of the ‘agreement’ of silver and mercury. 

For all his education and talents Lomonosov remained 
for some time a country lout, assertive and truculent on 
occasions, especially when he had taken too much vodka. 
Physically he was immensely strong. There are reports of 
his indecent behaviour towards his superiors. 

Lomonosov was an aggressive nationalist, and had a 
way of needling the German academicians. But the shock 
of official disapproval taught him a severe lesson in 1743, 
and from then onwards he rose in fame and achievement, 
though it may well be that his rough and aggressive 
nationalism accounts for the statement attributed to him 
by modern propagandists to the effect that at that time 
foreigners tried to deprive Russia of credit for science 
and invention. 

Lomonosov was not merely a man of science. He was a 
philologist, and he compiled a Russian grammar which 
remained in use for many years. He was also a poet of 
distinction. 

He started his scientific career as a metallurgist, and then 
became officially a professor of chemistry. But many of 
the problems he tackled were really problems of physics. 
His use, in 1740, of the compound term ‘physico-chemical’, 
showed that he foresaw a science of physica! chemistry long 
before it was established as a separate discipline. That did 
not happen until towards the end of the nineteenth century. 

Many of Lomonosov’s writings are to be found in the 
Proceedings of the Imperial Academy of Sciences, and they 
carried such titles as: Meditations on the Cause of Heat and 
Cold; Attempt at a Theory of the Elastic Force of Air: 
Discussion on the Actions of Chemical Solvents. He 
delivered many of the special orations given in honour of 
the Russian royal family. One such oration was ‘on the 
origin of light and a new theory of colours’; another was 
on meteors, and a third was on fluids and solids. 

Anyone who reads these papers cannot fail to be im- 
pressed by the quality of their author’s mind. Lomonosov 
was a bold speculator and cared nothing for accepted 
academic orthodoxy. Moreover he had an impressive style 
of oratory. It must have come as a great shock to the 
listening savants of 1747 when Lomonosov opened his 
paper on heat and cold with this direct statement: ‘‘That 
heat is produced by motion is most noticeable.’ In this 
work he argued that the motion must be that of unseen 
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particles acting internally, so that heat was the result of 
internal motion of small particles. He then proceeded to 
argue that the motion must be a rotational one. He 
imagined the particles as hard and rough so that they 
rubbed against one another and could produce mutual 
repulsions. These repulsions could produce the liquid or 
gaseous state. This is a most remarkable piece of exposi- 
tion, and it anticipated by a whole century our modern 
concept of heat as a form of energy due to the motion of 
minute particles. The same basic concepts emerged in 
other papers and orations. 

Among his papers (a collection of which has recently 
been promised by the Russian Academy of Science), there 
was one which described an anemometer by means of which 
the maximum wind-speed and the variations of wind-direc- 
tion could be measured. The cup anemometer as used 
today was devised by J. T. R. Robinson in 1846—a century 
after Lomonosov’'s paper, so the invention of his elaborate 
apparatus was a remarkable achievement; oddly enough it 
is not mentioned in any standard history of meteorology. 
One interesting fact here is that there is no evidence that 
Lomonosov ever constructed this anemometer; indeed his 
description is full of conditional tenses and subjunctive 
moods—it “would be”, it “‘may be’’, and so on. 

Lomonosov’s own illustration of the anemometer is 
shown in Fig. |. It is easy to see how it was to work. A 


series of vanes were made to rotate by the wind. The axle of 
vanes drove a toothed wheel that drove another 
this was done to get reversal of direction, 


these 


toothed wheel 











August, 1951 DISCOVERy 


and it achieved at the same time a considerable gearing. 
down from vane-speed to axle-speed. A drum on the 
smaller toothed wheel carried a cord wound round it and 
passing through the hollow flag-staff. At the bottom the 
cord went round the circumference of another disc. On 
this disc was a fine glass tube following the curve of the 
circumference. In this tube mercury was to be put and a 
scale was marked on the disc beside the tube. When the 
vanes were moving at a steady speed (the steady state was 
necessary), they pulled against the tension of the cord, and 


this action rotated the bottom disc to some extent. Asa _ 





result, mercury was spilled and ran out of a hole in the . 


casing, and could be collected and measured. The weight 
of this mercury was thus an indication of the speed of the 
wind. Only the maximum wind-speed was measurable, for 
clearly no more mercury would be spilled if there was 2 
decrease in speed. The tube had to be refilled for setting 
Calibration of the instrument was achieved by setting it up 
at a certain measured distance from another spot, where a 
feather was to be released. The time taken for the feather 
to be blown to the flagstaff gave a measure of the wind- 
speed, and if the divisions that had passed the fixed point 
were counted, the relationship of scale (and of mercury: 
weight) to wind-speed could be obtained. The dimensions 
of the apparatus were given, but Lomonosov explained 
that these could be made to suit the practical needs as 
discovered by experiment. 

The very full description of the instrument given in his 


een rnc 





paper, which is entitled Anemometrum summam celeri-— 


tatum cuiusvis venti et simul 


speculations in other papers, was greatls 


fact a technologist, and he was responsible 
for starting the St. Petersburg glass-making 
and mosaic industry. It was his technology 
that survived him, for nobody in the world 
of science took any notice of his theoretica! 
work at the time. He was revered nevertheless 
as a Savant. He was the leader of the suc- 
cessful campaign to start a university in 
Moscow. The Academy of Sciences arranged 
in 1782 for his works to be edited and pub- 
lished. F. W. Ostwald saw fit to publish some 


noting. Nevertheless, it seems that Lomo- 
nosov’s influence as a physicist was negligible. 
for by the time his work was being re- 
examined theoretical physics had gone far 
beyond his speculations. The interest iP 
Lomonosov therefore remains entirely his- 
torical, while his work provides grist for the 
mill of nationalist Soviet propaganda. 

At the beginning of the nineteenth cen- 
tury another Russian emerged as an experi: 
mental physicist of considerable skill, though 


MICHAEL LOMONOSOV'S ANEMOMETER (c. 1747) 

Fic. 2 shows detail of each of the vanes seen in Fig. | 

Fic. 3 is the compass rose to be inserted in the base 
aa - on which the whole ‘flag-staff’ rotated 


interested in practical problems. He was in | 


of Lomonosov’s papers in his famous series | 
of ‘Klassiker’ in 1910; a fact that is worth | 


variationes | 
directionem illius indicans, shows that Lomo: | 
nosov, despite the theoretical nature of his | 
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again present-day interest in him is purely historical. He 
was Academician V. V. Petrov (1761-1834). 

Petrov was recording barometric observations long 
before they were noted in some other countries that would 
not like to be called backward. Indeed, there is a long 
tradition of meteorological work in Russia, so that it is 
somewhat surprising to find that so authoritative a work as 
Sir Napier Shaw's Manual of Meteorology gives no credit 
to Russia or her scientists as pioneers. But Petrov’s chief 
claim to fame rests on his work on electricity. Here he 
forestalled Sir Humphry Davy in work on the electric arc. 
There is no doubt at all that Petrov did contribute to our 
knowledge of electricity. More than a dozen of his papers 
were published in the Proceedings of the Imperial Academy 
of Sciences. 


Encouragement from the Tsar 


A large part of Petrov’s life was passed in the reign of 
Alexander I, a Tsar who was full of enthusiasm for pro- 
gressive ideas. It is fair to say that at the turn of the 
century there was a liberal feeling in the air, a great expan- 
sion of educational facilities took place. All this must have 
had its effect on the enthusiasms of scientists, who seemed 
about to take their rightful place and to be given the status 
enjoyed by the scientists of other nations. To this period 
and a little later belongs Baron Schilling, who established a 
method of electric telegraphy in 1832 or thereabouts and 
who was largely responsible for its introduction into 
England. There was also E. Lenz (1804-65), who was 
born at Dorpat in Livonia, and who became a professor 
at St. Petersburg. In 1834 Lenz had a paper printed in a 
German scientific journal in which he applied strict 
reasoning to the problems of electromagnetic induction in 
order to arrive at a simplified and clear enunciation about 
the direction of an induced current. This he achieved, and 
his statement became known as Lenz's Law, which figures 
in every textbook of electricity. It may be remembered 
that his statement was to the effect that the direction of the 
induced current was such as to prevent the motion actually 
creating it. This remarkable generalisation has always been 
given its due credit. 

To the same period, the first half of the nineteenth cen- 
tury, belongs also the Russian keenness to invite foreign 
scientists to work at St. Petersburg. There went Moritz 
Hermann Jacobi in 1837, three vears after he had devised 
the first electric motor. It is he whose name has been 
‘Russianised’ to Boris Semenovitch Jacobi, or Yacobi, and 
in that guise he has been claimed as one of the famous 
Russian scientists. But there never was a Russian scientist 
called Boris Jacobi; this eminent physicist was definitely a 
German. 

The liberalism of Alexander II, who reigned from 1855 
to 1881, coupled with the general desire for technical 
improvements, led to an improvement in the position of 
scientists in Russia in the latter part of the nineteenth cen- 
tury, and this state of affairs was never completely destroyed 
even by the reactionary attitude of rulers and bureaucrats 
who came afterwards. By 1890, or thereabouts, Russian 
scientists were nearly on the same footing as those in 
countries like Great Britain and Germany. Nearly, but not 
quite—-for Russia was technically and industrially a long 
way behind the Western nations. In fact, the neglect of 


253 








M. V. Lomonosov (1711 1765) 


science which stemmed from this backwardness is said to 
have broken the heart of the man who next emerges as a 
genuine contributor to advances in physics. This man was 
A. S. Popov (1860-1906). He was working at the Torpedo 
School at Kronstadt when he took up the then exciting 
new branch of physics—the use of electromagnetic waves 
travelling through space. In other words, Popov embarked 
on research in the field of radio. In 1895 he succeeded in 
transmitting and receiving a signal over a distance of § 
kilometres. 


Popov and Radio 


Popov’s new contribution to radio was an ingenious way 
of automatically de-cohering the detector. This detector 
consisted of a glass tube of iron filings. Any sudden 
electrical disturbance reaching it caused the filings to 
cohere so that the resistance of the whole was made less. 
This meant that there was a surge of current corresponding 
to the incoming signal. In order to receive another signal 
the coherer had to be tapped so that the iron filings 
assumed once again their loose and haphazard arrange- 
ment. Popov’s improvement was an automatic arrange- 
ment for effecting this tapping. His coherer was in circuit 
with an electromagnet and an electric bell. When a stab 
of radiant energy entered the coherer it increased the 
current. The electromagnet then drew its armature towards 
it, and this switched on the bell circuit so that a ringing was 
produced. As soon as the signal ceased, the released 
hammer of the bell fell back and tapped back the coherer 


into a receptive state. Marconi used a similar device not 
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long afterwards. With this automatic arrangement and a 
lightning conductor as aerial, Popov could receive messages 
sent out by a Hertz resonator. He soon advanced with all 
the other experimenters of the time—Rutherford, Lodge, 
Marconi, etc.—and in 1900 he was able to send messages 
to ships at sea from his wireless station. The first such 
message has been recorded. It was: To the captain of the 


icebreaker Yermak. Ice floe with fishermen has broken off 


near Lavansauri. Do immediately what you can to help them. 
Popov died in 1906, still a comparatively young man, and it 
is said that his inventions went unrewarded. He was an 
ingenious experimenter, and the Russian authorities do 
well to honour him as one of the important pioneers. (He 
was not the inventor of radio, nor was he the first ever to 
communicate by its means; as far as it is known Popov 
himself never made any such claim.) 

At the time of these events another Russian started a 
piece of work that was to establish him as probably the 
greatest experimental physicist to come out of Russia until 
recent times. He was Peter Lebedev (1866-1912). With 
Lebedev’s work we are on safe ground for this has all the 
characteristics we expect to find in first-class physics. 
Lebedev was born and educated in Moscow. Even when 
he was still a student at the Technical High School he 
started research on problems that interested him. Lebedev 
evidently had a great admiration for German scientists 
(this was the vintage period for physics in Germany and 
Great Britain), and probably he held no high opinion of 
the state of Russian science, for in 1886 he emigrated to 
Germany. He worked at Strasbourg with the famous 
Professor Kundt and accompanied him to Berlin in 1888, 
where he was able to listen to Helmholtz’s lectures on 
theoretical physics. He afterwards returned to Strasbourg 
and completed his doctorate research on the dielectric 
constants of water vapour. A professor in Moscow took 
note of this paper by a compatriot, and he invited Lebedev 
to return to Moscow and become an assistant in the physics 
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This diagram shows the opticai arrangement used by 
| ebedev in his experiment on light pressure 
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laboratory. Research on resonators brought him his 
Russian doctorate, and in 1900 he was appointed professor 
He was then thirty-four years old. 

Lebedev had earlier come to some conclusions about 
matter and energy. His work on resonators brought him 
to view all bodies as made of little resonators, which would 
of course respond to electromagnetic waves of the same 
frequency. It was these considerations which led him to 
embark on his major piece of research. This was the 
experimental verification and determination of the mech- 


anical pressure exerted by light in the direction in which it | 


was travelling. Maxwell had given an expression for the 
energy in an electromagnetic wave, which had been arrived 
at in another way by Bartoli. So in 1898 Lebedev set out to 
find out if this mechanical pressure existed and, if so, what 
was its size. The work fell into two parts, the first for the 
pressure of light on solid bodies, the second for the pressure 
of light on gases. It continued without interruption for 
twelve years; the first part of the work took three years and 
l.ebedev devoted nine years to the second. 

The method Lebedev used was to make a light metal 
vane rotate under the pressure exerted by light. There 
were already toys—the Crookes radiometers—in which 
four vanes of metal foil pivoted inside a glass envelope 
began to rotate when exposed to light. Many people 
have seen these radiometers in opticians’ windows. The 
movement was known to be much bigger than could be 
accounted for by mere radiation pressure of the incident 
light in the direction of the beam. There were, in fact, 
three influences: (a) a convection of the air still remaining 
in the evacuated glass globe, (5) a ‘radiometric’ pressure 
caused by temperature-gradients in the gas and reaction 
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between the vanes and the glass container, (c) direct radia- | 


tion pressure. Lebedev set out to eliminate, or compensate 
for, (a) and (5). He made his vanes as discs of extremely 
thin metal—as thin as a fiftieth of a millimetre for some of 
them. These were stamped from the foil so that there 
should be no difference in size between the different discs. 
He kept a mercury pump going continuously and applied 
a freezing mixture to keep the mercury-vapour pressure 
down. He made the bulb containing the vanes very big— 


20 centimetres or about 8 in. in diameter. Finally, he inter- | 





posed a filter between the light-source (an arc) and the | 


glass bulb. He eliminated any convection effect by alternat- 
ing the light-beam from one side to the other of the vanes. 
Two workers had supposed a scattering effect that would 
add to the Maxwell radiation pressure. But Lebedev argued 
that any such effect would depend on the wavelength of the 
light and the chemical nature of the metal disc, and by 
experimenting he found no such effect. By reducing the 
radiometric effect to a minimum in the above way he could 
calculate its effect with a simple formula and apply it as a 
correction. The amount of rotation of the vanes, suspended 
on a platinum-wire loop, was measured with a torsion 
balance. The visible-light intensity he measured photo- 
metrically, the heating intensity with a thermopile, and the 
radiation entering the bulb by means of the heating pro- 
duced in a calorimeter. Gradually he made each sequence 
of operations unexceptionable, and eventually, by taking 4 
great many readings, he was able to show that the movement 
he found corresponded extraordinarily well with what could 
be calculated by the Maxwell theory. He then measured the 
pressure on the disc and found that it came to a few 
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millionths of a dyne (a matchstick resting on a surface 
exerts a pressure of about 120 dynes per square centimetre). 
Thus he brought his work to a successful conclusion in 
three years. He then continued with the effect of the 
pressure ON a gas, and this research took a further nine 
years. 

As Ostwald himself remarked when he reprinted 
Lebedev’s light-pressure work in his ‘Klassiker’, the whole 
was a brilliant example of work that can rightly be called 
classical. Lebedev next went on to fundamental research 
on the origins of the earth’s magnetism, but this work was 
still incomplete when he died in 1912. 

Lebedev founded the Moscow Physical Society and was 
its first president, an office he occupied until he died. 
When one realises the many investigations that his work 
had produced, one is bound to admit that he was really the 
founder of a Russian school of physics. He was only forty- 
six when he died. Had he lived, what would have been the 
first Nobel prize for physics ever to go to a Russian would 
most probably have been awarded to him. Since Lebedev, 
there appears to have been only one other Russian physicist 
of Nobel-Prize winner calibre. 

Lebedev’s research on light-pressure continued unbroken 
for twelve years, a remarkable fact considering the 
difficulties he had to contend with outside his laboratory. 
Scientists in Russia have rarely had an easy time. For 
example, Leonhard Euler found the atmosphere of St. 
Petersburg unbearable and returned to Germany in 1741. 
It is recorded that the Queen-mother of Prussia, finding 
Euler an almost impossible conversationalist (he replied to 
her remarks in grunts and monosyllables), was driven to 
remonstrating with him. She asked him why he was like 
that. ““Madam,” replied Euler, “‘it is because I have just 
come from a country where every person who speaks is 
hanged.”” Less than two centuries later, Lebedev was to 
find himself in the midst of the disturbances of 1905. 
Lebedev wrote to a fellow scientist: “I feel that as a scientist 
1 am perishing, beyond salvation.”’ Six years later the 
privileges gained by the universities as a result of the 1905 
revolutionary agitations were removed by a reactionary 
bureaucracy. The Rector of the university then refused to 
take further responsibility for maintaining order among 
the students and he resigned together with many of the 
professors. Among them was Lebedev. That happened in 
February 1911. But Lebedev went right on with his 
research in a modest laboratory provided by the generosity 
of the Ledenzow Company in co-operation with Lebedev’s 
admirers. There is no doubt that scientists in pre-revolu- 
tionary times had a difficult enough task in Russia. As 
for post-revolutionary times up to today, the facts are too 
well known to merit comment in this article. 

Lebedev really made physics in Russia, and many of the 
pupils trained by him are still alive, though they are now 
getting old. For instance, there is A. F. Joffe of the Petro- 
grad Physico-Technical Institute. He continued to produce 
Papers on photo-electricity crystal properties, dielectrics. 
He was sixty-seven when his most recent paper was 
published (1945). Joffe’s son follows on in the tradition. 
In fact many of the modern physicists in Russia are old 
men carrying on in the old tradition so far as they can, and 
itis scarcely a coincidence that up to 1945 only six scientists 
born in the twentieth century had been elected to the 
Academy of Sciences. The ballyhoo about Soviet youth 
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PEeleER LEBEDEV (1866 1912) 


can be very misleading when one is considering the scien- 
tific world. 

To about the same period or a little later belongs Boris 
Rosing, who became professor of physics at the St. 
Petersburg Institute of Technology. He did not publish 
much and information about him comes mainly from 
pupils outside Russia. The most illustrious of these is V. K. 
Zworykin, whose invention of the iconoscope produced 
the form of electron camera which turned television from a 
scientific toy into a great industry. This apparatus was a 
modern development of Rosing’s work, who as early as 
1907 was advocating the use of the cathode-ray tube in 
television. The end of Rosing is not known, though it is 
rumoured that he died in a concentration camp in the 
early ‘thirties. Zworykin is now vice-president of the Radio 
Corporation of America. 

Lebedev’s pupils and successors and the young men 
being trained with the vastly greater resources of the 
modern technology-conscious Russia have taken their 
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place with the physicists of other nations. Though the 
emoluments and prizes such as the Stalin Prizes now 
available for successful Soviet scientists are extraordinary 
today, it cannot be said that the quality of the physics 
being done in Russia is any better than that done by 
scientists working elsewhere under very different conditions 
and without the paeans of praise which form the accom- 
paniment of Russian discoveries. 

Nevertheless the quality of Russian physics is high. It is 
too early to get the work of the later physicists into per- 
spective and only a few outstanding names come to mind. 
There was Joffe, already mentioned, and there have been 
P. P. Lazarev (who continued until a few years ago to 
produce interesting papers on photochemical reactions, 
especially with reference to sensual perception), and the 
late S. I. Vavilov, with his work on luminescence. 

An enormous amount of work has been done on cosmic 
rays. The name of D. V. Skobeltsin must be mentioned, 
for in 1927 he made the first photos of cosmic rays ever 
obtained by means of the Wilson cloud-chamber. The 
number of papers produced on problems connected with 
cosmic rays 1S enormous; these appear not only in the 
Proceedings of the Academy of Sciences and the Journal 
of Physics (printed in’ English) but also in other 
journals. 

Atomic physics has of course received due attention, and 
the textbooks have begun to quote the work of G. N. 
Flerov and K. A. Petrzhak. But it has become, of course, 
difficult 1f not impossible to know just what has been 
achieved in atomic physics in Russia. 

Undoubtedly the greatest of all the modern Russian 
physicists is P. L. Kapitsa, who is now fifty-seven. Kapitsa 
is editor of the Journal of Physics, and holds the post of 
director of the Institute of Physical Problems in Moscow. 
His field is that of very low temperatures, and as one would 
expect he has created a distinguished school of low- 
temperature physics in Russia. 

Kapitsa is the one among the ‘younger’ physicists defi- 
nitely known to have been trained outside Russia. He is in 
fact a product of Cambridge, where he came to work under 
Rutherford in 1921, when he was a lecturer in physics at the 
Leningrad Technical Institute. Rutherford had, justifiably, 
a very high opinion of Kapitsa’s ability. 

Kapitsa took up problems associated with the produc- 
tion of extraordinarily intense magnetic fields, and in 1925 
he was able to write of his success to Rutherford by saying 
that the apparatus ‘“‘bursted with a great bang”. From this 
work he went on to low-temperature problems because 


Left—Dr. Vladimir K. Zworykin, a Russian- 

born physicist who has gained fame through 

his researches on television and the electron 
microscope in the U.S.A. 


Right—Sergei Vavilov (1891-1951). Brother of 

the famous geneticist, Nikolai Vavilov, he was 

an authority on luminescence. At the time of 

his death he was Director of the Lebedev 

Physics Institute and of research at the State 
Optical Institute. 
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they were allied with problems of magnetism. He proved 
so effective here that in 1930 Rutherford persuaded the 
Royal Society to appoint Kapitsa to a Messel Professor- 
ship and to provide money for an entirely new laboratory. 
This is the Royal Society Mond Laboratory, part of the 
complex known as the Cavendish Laboratory. It was 
opened in 1933. Here Kapitsa continued with his work, 
showing himself a very original experimenter and clever 
deviser of apparatus. Among other things he designed a 
new type of helium liquefier, which is still in use in the 
laboratory. Kapitsa settled down with his wife and children 
in Cambridge, visiting Russia from time to time for 





holidays. In 1934 he paid a visit to Russia, his main pur- 
pose being to attend a conference. After the conference 
was over the Russian authorities detained Kapitsa and | 
would not allow him to return to England. Rutherford’ | 
own interpretation of the detention was expressed thu 
in a letter he wrote early in 1935: ““Kapitsa was comman: 
deered as the Soviet authorities thought ie was able to give 
important help to the electrical industry and they have not 
found out that they were misinformed.” It soon became 
apparent that Russia intended that Kapitsa should never 
again leave his native country. His own attitude was thai 
of one caught in toils that he could only try to ignore, being 
powerless to break them. His apparatus was sold t 








Russia at a fair price and-—an extraordinary fact—it was | 
agreed that the Cavendish would not compete with Kapits: | 
in his own field of research. From time to time Kapitsi 
has made statements showing his opinion of bureaucracie | 
and his belief in the international nature of the pursuit 0’ 

scientific truth. Were Russian scientists permitted t 

receive Nobel Prizes, almost certainly a Nobel Prize fo 

Physics would be awarded to Peter Kapitsa, F.R.S. Ht! 
seems to be the only living Russian physicist of this calibre 

The difficulty of getting a perspective view of the achieve 

ments of modern Russian physicists is aggravated by th 

attitude of the authorities to truth. In July 1947 there wai 

established the U.S.S.R. Society for Dissemination 0 

Political and Scientific Knowledge The coupling of th 

words ‘political’ and ‘scientific’ was sinister, and it | 

undeniable that this organisation has succeeded in obscur 

ing the truth about every subject it has touched. The boart 

of this body included several scientists as well as Popov: 

daughter and the general secretary of the Soviet Writers 

Union, A. Fadeyev. But there was not one physicist 01, 
the board. It is difficult to know how to interpret this fact 

Could it be that physicists still have enough of the ol 

spirit left to refuse to take part in such activities? 
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Interior of the factory built by Brynmawr Rubber Ltd. 





The photo shows the underside of one of the nine 


domes that roof the main production floor, the area of which is 77,000 square feet. Daylight enters through 


‘portholes : 


A Revolution in 


the other holes in each dome contain fluorescent lights. 


Factory Design 





CAN a new factory, for the manufacture of moulded rubber 
products, be regarded as a discovery? Certainly not as a 
general rule. Of the many factories built in recent years, 
very few embody more than a basic minimum of attention 
to architectural design. Although much has been done 
towards the provision of welfare facilities and good work- 
ing conditions, this has been achieved by internal adaption 
of simple standard types of factory construction, the result 
of which has been ugly, saw-tooth roofs and steel-framed 
structures with brick or concrete panelling. The manufac- 
turing areas of Great Britain are littered with factories 
spawned by the Industrial Revolution and are among the 
most distressing eyesores of any part of the world. Indeed 
it is time to say that many of the workshops that have been 
built comparatively recently will in the years to come 
rapidly fester into industrial slums. 

The enterprise now coming into commission at Bryn- 


mawr, a small town on the northern edge of the South 
Wales coalfields on the border of Monmouthshire and 
Breconshire, sets an entirely new standard. This new 
factory bristles with unique features. To start with, this 
factory, which is entirely new in conception, has the appear- 
ance of a solid rock capped by nine smooth domes dotted 
with circular lights. The whole of the estate—that is to say, 
the factory itself and its immediate surroundings—pro- 
vides a notable example of modern ideas of functional 
beauty. On the two sides of the central domed area are 
barrel-roofed blocks which, because of the extreme 
slenderness of the supporting columns, appear to float 
entirely on glass. The viewer has an instinctive feeling, 
which is more than justified when one enters the building, 
that the architects have put themselves out to ensure the 
maximum concentration of light and fresh air. 

Around the factory are lawns and gardens, and at one 





Sa 


(Above) This model shows the strikingly original design of the Brynmawr tactory. In the foreground is the 

boiler house, with its arched roof of reinforced concrete in the form of an elliptical tunnel. (Below) The 

factory trom the rear. In the foreground is the receiving bay with barrel roofing. On the right is the mill 
room, also with barrel roofing 


“2 24988 Sw 
3 


° “"§aeeeueue-* 





DISCOV 


end there 
providing 
machiner 
Anothe 
Brynma 
have an i 
are not Ss 
ordinary 
they are 1 
exciteme 
designed 
sports pé 
Brynma 
in the Fe 
industrial 
Almost 
they have 
not disap] 
has an ar 
there are 
of obstrus 
veyors, S 
and repel 
somethin; 
be partic 
majority 
are in fac 
in a facto 
psycholog 
are introc 
in the flo 
The lig 
each of w 
by eight 
a gigantic 
Another « 
lighting, 
fluoresce 
a complet 
five-foot 
every par 
by day a 
Brynma 
The dc 
anywhere 
wide, an 
than three 
the dome 
giving fre 
cast obtai 
in bitume 
of its ray 


Dust C 


All air 
through | 
it is stea 
Carried b 
and proj 
at floor le 
that is pl 
building i 


























DISCOVERY August, 1951 


end there is an artificial lake, which has the practical use of 
providing water for general purposes and for cooling the 
machinery. 

Another of the ‘discoveries’ in factory design which 
Brynmawr reveals is that those who approach its facade 
have an instinctive feeling of excitement and wonder, and 
are not subconsciously repelled as they are from so many 
ordinary industrial premises. The domes, particularly when 
they are illuminated at night, provide the same element of 
excitement as should be given by the approach to a building 
designed for pleasurable purposes, such as a theatre or a 
sports pavilion. It is no surprise that a model of the 
Brynmawr factory should have been selected for exhibition 
in the Festival of Britain as one of the most interesting 
industrial buildings ever built in Great Britain. 

Almost everyone wants to look inside the factory once 
they have seen its exterior, and when they do so they are 
not disappointed. The great working floor below the domes 
has an area of 77,000 square feet, yet in all that vast space 
there are only four supporting columns. The usual screen 
of obstructing pillars, cables, lighting fittings, belting con- 
veyors, Shutes and so on, which ordinarily confuse the eye 
and repel the sensitive visitor are absent. This represents 
something quite new to factory practice, and it is seen to 
be particularly important when one realises that the 
majority of the workers will be non-skilled; many of them 
are in fact women who have never before experienced life 
ina factory. The frightening features, which may result in 
psychological strain, have been removed, and all services 
are introduced through carefully planned holes and ducts 
in the floor. 

The lighting is achieved by ‘portholes’ in the domes, 
each of which is 53 feet in diameter. Each dome is pierced 
by eight of these holes, each of which is covered with 
a gigantic watchglass three-eighths of an inch in thickness. 
Another eight holes provide recesses which house artificial 
lighting, and each of these carries six five-foot 80-watt 
fluorescent tubes. At the level of the spring of each dome is 
a complete rectangle of fluorescent lighting, with forty-two 
five-foot tubes. The result is an even illumination over 
every part of the floor and no shadows. This is true both 
by day and night, and it forms another unique feature of 
Brynmawr’s layout. 

The domes are the largest yet built in shell concrete 
anywhere in the world. They are 953 feet long and 75} feet 
wide, and the thickness of concrete all over is no greater 
than three inches. Expansion is allowed for by the fact that 
the domes rest on bronze bearing plates at the corners, 
giving freedom of movement. Outside, a kind of rough- 
cast obtained with glistening white granite chips embedded 
in bitumen reflects the sun and so reduces the heating effect 
of its rays. 


Dust Control 


All air entering all parts of the factory is brought in 
through louvres which are fitted with steel-wire filters, and 
it Is Steam-heated to the required temperature. It is then 
carried by ducts to slots at the level of the feet of the domes 
and projected over the working area, leaving by louvres 
at floor level. The clean warm air provides an atmosphere 
that is pleasant to work in. Moreover the design of the 
building is such that dust on the working floor is reduced to 
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an absolute minimum. A factor in achieving this end is that 
there are no doorways which open to the outer air directly 
from any part of the factory. 

All the factory hands enter along a gracefully inclined 
reinforced concrete ramp of the most modern design, with 
slender supporting legs. They pass through the personnel 
area where every possible facility is available; there are, for 
instance, medical and dental services. 

All goods arrive at an entirely separate entrance on the 
other side of the factory, so arranged that the roller doors 
face away from the direction of the prevailing wind. 
Material deliveries are made entirely by road. At the 
lorry entrance, electrical interlocks between the various 
doors to the areas in the receiving bay ensure that one 
door must be closed before another is opened, and conse- 
quently there can be no through-draught of air from the 
outside to bring in dust and cold. Such materials are as 
liable to give special trouble in this respect—for instance, 
the carbon black which the factory uses is a difficult material 
to handle from many points of view—are brought in by a 
separate entrance altogether, and are handled by closed 
conveyors through which no dust can escape, direct to the 
points where they are mixed with raw rubber and other 
materials. 

Perhaps the most significant ‘discovery’ of all, however, 
is the manner in which the whole enterprise is integrated 
with the life of the town near which it is situated. It is 
large enough to absorb almost all the surplus labour of the 
town: it is intended to provide work initially for about a 
thousand people, of whom half will be women. The factory 
offers scope for skilled, semi-skilled and unskilled work. 
The young people of Brynmawr, whose parents have been 
inured to decades of unemployment and who see very 
little future in the local coal mines, the traditional industry 
of the district, can now look forward to a steady and 
expanding field of occupation in their home town. More- 
over, the new factory, with its brilliant architecture, which 
stands out in striking contrast to the mid-Victorian sur- 
roundings of poor cottage property in a small town which 
has suffered hard times—-symbolises hope and confidence 
in the future. 

In addition to the factory itself, a separate enterprise 
(known as the Brynmawr and District Housing Estate), 
has been instrumental in building a number of houses and 
blocks of flats on a site about a mile away, from where some 
of the best views of the Welsh Hills are obtained. A special 
feature of the estate is the district heating system, which 
makes central heating from a main boiler house available 
to all houses and flats. 

Those who look for discoveries at Brynmawr find, first, 
a factory which is both functionally beautiful and highly 
efficient. They find at every turn new methods of factory 
layout, tending not only to efficient production but also 
to the most pleasant working conditions. They find an 
enterprise which is in itself a discovery, since it has brought 
new work to the right kind of area in which work was badly 
needed. The attendant problems of housing have been 
accepted as a responsibility of the management, and have 
been resolutely tackled by providing not only ‘units of 
living accommodation’, but houses in which, again, beauty 
has been combined with efficiency. 

J. H. M. SyYKEs. 








The Helicopter comes of Age 


by our Air Correspondent 


OF all branches of aviation, the development of the heli- 
copter has been the slowest. At the present time when we 
are coming within sight of inter-city helicopter services (I 
discount the present experimental operations), we are in- 
clined to look on the helicopter as something new, and to 
forget that it is practically as old as flying itself. It was in 
1907 that the Louis Breguet helicopter made its first flight. 
Two years later, Igor Sikorsky, who gave his name to what 
is today the most widely used helicopter, began experiment- 
ing with this type of aircraft. 

Development of the fixed-wing aeroplane has twice 
received the stimulus of war needs, while until recently the 
helicopter has been thought of little value as a fighting 
aircraft. That, I think, is the answer to the question *“Why 
has the helicopter taken so long?” 

Only now is the helicopter beginning to be appreciated 
as an aircraft with possible wartime uses, while with the 
exception of British European Airways none of the big 
commercial! airlines appears to be greatly interested. 

So the helicopter has been left to evolve very slowly, 
ignored by most of the great aeroplane-building firms of 
both Europe and America. 

For many years, various imaginative schemes—or 
should one say dreams '!—have beer put forward. In these 
we have seen helicopters twirling into the air from city 
rooftops, and aerial taxi services ‘‘jumping”’ all the traffic- 
congested streets below. Truly it is a fascinating thought 
that one day we may be able to fly straight from the centre 
of London to the middle of Manchester or Birmingham, 
avoiding all the road journeys to and from the airports, 
which at present detract greatly from the advantages of 
short-distance air travel. 

Such dreams are beginning to materialise, but it will be 
several years yet before the city-centre to city-centre heli- 
copter services are in operation. British European Airways 
will not budge from its determination to have nothing to 
do with over-city flying until a reliable, well tried, two- 
engined helicopter is available. This is sound policy: a 
failure resulting in a crash in crowded streets would do more 
than anything to retard helicopter progress. 

For several years this airline has been preparing for the 
time when a network of helicopter routes will link the big 
cities of Britain. Its experimental helicopter unit, under 
Wing-Commander R. A. C. Brie, has done a great amount 
of work, first with the East Anglian mail service, then the 
Cardiff—Liverpool passenger service (the world’s first 
scheduled passenger operation with helicopters) last year, 
and now the London-Birmingham flights. Deliberately, 
B.E.A. has lost money in order to gain experience: the 
little Sikorsky S. 5I’s cannot pay except at fares which 
would attract no customers, but they are giving B.E.A. 
valuable experience. 

At Birmingham, a “‘rotor-station”’ has been set up in the 
suburbs but, at the London end, Northolt and London 
airports are being used as the helicopter terminals. Thus, 
so long as the bus journey to Northolt or Heathrow remains 
necessary, it is quicker from the passengers’ point of view 
to fly in an ordinary aeroplane to Birmingham airport. 


But in little more than the time it takes to get to the airport 
a helicopter could take off from, say, the Strand, and alight 
in Corporation Street, Birmingham, if only it were yet 
possible to fly direct from city centre to city centre. 

But the new designs that will enable us to do this are 
coming along. Britain’s first two-engined helicopter js 
at the time of writing almost ready to make its first flight, 
and B.E.A. has stated that it hopes to be operating it on 
the London-Birmingham run within two years, though 
I believe this errs on the side of optimism. There must be 
a lot of trials before the new helicopter, known as the 
Bristol 173, can get a certificate of airworthiness for pas- 
senger carrying. Two years is a short time for a modern 
aircraft, even of conventional design, to pass from com: 
pletion of the prototype to clearance for airline operation. 

The Bristol 173, which will cruise at 105 m.p.h. and have 
a top speed of 142 m.p.h., is a 12-14 passenger machine, 
with a cabin 26 feet long. It is powered by two 550 hp. 
Alvis Leonsides engines, and it will, of course, be able to 
fly on one engine. 


Economics of Passenger Helicopters 


So after experiments with little three-seaters, we are at 
last progressing towards real passenger-carrying helicopters. 
But will even the “‘173°’ be economic? Not according to 
the Ministry of Civil Aviation’s inter-departmental heli- 
copter committee, which was headed by Sir George 
Cribbett. 

This committee, which recently published its first report, 
estimates that 10—12-seater helicopters will be available in 
1954, while Mr. Peter Masefield, Chief Executive of 
British European Airways, has expressed the hope that the 
Bristol 173 will be in service in 1953. The Cribbett Com- 
mittee (of which, incidentally, Mr. Masefield was a member) 
went on to say, “The 10-12 passenger (helicopter) will not 
be economic, but may have a limited field of commercial 
use; but it will represent an essential stage in development 
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in the progress towards a suitable commercial type.’ They | 


commented that a 20-seater, which would be fully econoniic, 
should be aimed at by 1958. So, it seems, it will be several 
years before helicopter services which do not need to be 
subsidised come into operation. 


The committee has put in a vast amount of study into the | 


problem, and has even gone to the length, in consultation 
with British European Airways, of drawing up its own 


design project. This is for a 20-seater for flights up to 300 | 
miles, or a 28-seater for shorter stages. Power would be | 


provided by four Leonsides motors, and the gross weight 
of the projected helicopter is 22,000 Ib. The helicopter 
would cruise at 140 m.p.h. 

Helicopter services, says the committee, would be of 
relatively short range—between 50 and 300 miles. They 
should be operated at high frequency between town centres. 
Every witness who has so far given evidence to the com- 
mittee has said that at least two engines are required. 


How the rotating wing aircraft could speed up travel | 


between provincial cities served only by cross-country 
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Helicopters have been used in the Korean War for a variety of tasks. Here an H-12 helicopter of the U.S. 
Air Force is being used as an ambulance. 


ye 
bah BOE ; 
oy : c ; W/ ~ 
; ~ 


~ ‘ 
Ss eT 
* ‘, 


Ihe US. Marine Corps ts expermenting with helicopters for moving assault troops from aireraft carriers 


to enemy shore 


26! 























F 
4 pier aay 


a 
- ae 


a = od 
Rep 
1 ales 








: >) fi x, - 
egy Stel 2 oN +8 , 
m, eS ee - 
eek ok tie ‘ 
+ ve aaa 
wind e L seer : a 





The H-12 (designed by Bell Aircraft Corporation for U.S. Air Force) cruises at 85 m.p.h., has a top speed 
of over 120 m.p.h. with a range of 500 miles, it can carry 10 men besides the pilot. 


trains at present is indicated by a table quoted in the report. 
Glasgow to Manchester, for example, would take 1-8 hrs. 
by helicopter against 6-2 hrs. by rail; Glasgow to Notting- 
ham 2:2 hrs. instead of 8 hrs. 

As vehicles for short journeys, the helicopters would not 
need to be furnished with great luxury. Says the com- 
mittee: “It is obvious that the standards of comfort appro- 
priate to a transatlantic service will have little relevance to a 
short-range, high-frequency service, say, between Man- 
chester and Glasgow.” 

Helicopter development is more greatly advanced in 
America, where many more types have been built than in 
Britain. In this respect all the helicopter flying that has 
been done by British European Airways has been done 
with American-type machines. So, too, has the limited 
amount of helicopter flying done by the Royal Air Force 
and by our naval aviation. 

Only four aircraft companies here are interested in the 
helicopter—Westlands, Fairey, Bristol and the Cierva 
company. (Cierva, founded many years before the war to 
take up the designs of the pioneer Juan de la Cierva, was 
recently taken over by the Saunders-Roe flying boat 
concern.) 

The Westland company are building under licence 
American helicopters, the Sikorsky S. 51, a small single- 
engined machine used by B.E.A., the R.A.F. and the Navy. 
(This is known to the Services as the Dragonfly.) The 
company have recently concluded arrangements to build 
the Sikorsky S. 55, a 12-seater with a cruising speed of over 
100 m.p.h. This machine is in use with the American 
armed forces. Westland’s factory, at Yeovil, in Somerset 
is the largest helicopter works in Europe. 


The Cierva company, Britain’s oldest rotary-wing air- 
craft concern, has already produced one of the largest 
helicopters in the world, the Air Horse. It has three rotors, | 
and is capable of lifting a load of three tons or being fitted 
as a 25-seater. Unfortunately the prototype was wrecked 
in a crash which killed two of our best known helicopter 
pilots, but work is still proceeding. The main drawback 
to the Air Horse is that it has only one engine, a Rolls- 
Royce Merlin which is very cleverly geared to drive the 
three rotors. But the company are now working on a 
design for a two-engined three-rotor aircraft, which, should 
prove capable of carrying 30-36 passengers at a cruising 
speed of 116 m.p.h. Cierva has also produced a little 
helicopter, called the Skeeter. 





The Fairey Aviation Co. produced a very fine and fast 
single-engine three-passenger machine, the Gyrodyne, 
but abandoned the project after the second prototype 
crashed two years ago. The company are now turning 
their attention towards building a revolutionary helicopter 
—The Rotodyne, which is to be powered by gas-turbine 
engines. The Rotodyne is to have two propeller-turbines | 
outboard of the cabin. From these air is to be “tapped” | 
to the rotor blade tips to turn them, while on the blade tips | 
themselves will be small reaction motors for use on take-off 
and landing. A speed of 135 m.p.h. will put the Rotodyne 
among the fastest helicopters, and it is being designed to 
carry 23 passengers. But with so many unusual features to 
be tested, it is likely to be at least five years before this air- 
craft is available to commercial operators, even longer 
before going into passenger service. 

The Bristol 173 has been described earlier. Besides this, 
the builders of the great Brabazon aeroplane have produced 
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Artist’s impression of Bristol 173 landing at an air terminus in the heart of a city. It is designed to carry 
12-14 passengers, at a top speed of 142 m.p.h. 


the Bristol 171, a four-passenger model which is later to 
be used on B.E.A.’s London-Birmingham route along with 
the Sikorski S. 51’s. 

I have described at length the civil prospects of heli- 
copters in this country. What of the military? In this field 
the “windmill-plane’’ has a variety of uses: spotting for 
artillery, rescue work, anti-submarine, ambulance, and 
light troop carrier. 

In Malaya a small R.A.F. helicopter unit has already 
done some remarkably fine work with Dragonflies in 
lifting wounded and sick men out of thick jungles, landing 
in small clearings in which it would be impossible to put 
an ordinary aeroplane down. 

Use of the helicopter as a naval spotter was demon- 
strated recently in the search for the submarine A/ffray. 
Naval pilots maintained a constant Dragonfly patrol over 
the area in which the submarine was lost. 

In a future war, merchant ships may carry their own 
helicopters to augment their defences against submarines. 
Early this year trials were carried out by the Royal Navy 
using Westland-Sikorsky Dragonflies from the fleet supply 
ship Fort Duquesne. Out in the Channel, they proved that 
even in rough seas and high winds it is possible for a heli- 
copter to take off from and land on the deck of a ship. The 
idea is to equip some ships in a convoy with helicopters 
which could hunt for enemy submarines, thus relieving the 
Navy from having to provide convoys with light aircraft 
carriers. Further tests are to be carried out. 

The American forces are already using large helicopters. 


The Sikorsky H-19, the military version of the S.55 (which 
Westlands are to build here) has been tried out for air 
ambulance work in Korea. 

American helicopter designs cover a wide range from 
little one-man affairs to multi-seaters. Considerable re- 
search is going on on the other side of the Atlantic into the 
use of blade-tip ram-jet motors. There are about a dozen 
manufacturers in the United States producing helicopters, 
and big fleets are on order now for the ever-expanding U:S. 
services. The American Army, for instance, plans to 
switch all liaison aircraft from fixed-wing machines to 
helicopters, and they are buying quite a number of large 
helicopter transport aircraft. 

But the civil use of the helicopter is still awaiting develop- 
ment even in the U.S.A., the most air-conscious country 
in the world though it is. There are still no scheduled 
passenger services, and the civilian use of the helicopter is 
confined to air mail carriage in Los Angeles and Chicago, 
though there is a projected helicopter taxi service which is 
expected to begin operations soon in New York. 

So we see that though a considerable start is being made, 
we have not yet arrived at the “Helicopter Age’’. There is 
still a lot of work to be done. On this point the Cribbett 
Committee has this interesting observation to offer: /f is our 
strong conviction that, so far as capital resources and other 
national preoccupations will allow, the development of heli- 
copters suitable for commercial operation and meeting the 
requirements and characteristics which we have indicated 
should be intensified. 








Far and Near 





International Conference on automatic 


Control 

A CONFERENCE on the theory and use of 
Automatic Control was held at the College 
of Aeronautics, Cranfield in July. Leading 
experts from many countries met to discuss 
the latest advances in this field. Among 
those who were chairmen of discussions 
were Prof. Dr. Van der Pol, (/nternational 
Telecommunications Union, Switzerland), 
Sir John Cockcroft, Sir Charles Goodeve 
(British Iron and Steel Research Associa- 
tion), Prof. A. Tustin (Birmingham 
University), Prof. E. O. Willoughby 
(Adelaide University), and Prof. J. Z. 
Young, (University College, London). 
No mention was made of the use of auto- 
matic control of weapons at the Confer- 
ence. 

The papers read at the conference will 
be published in October 1951 by Butter- 
worth’s Scientific Publications Ltd., Bell 
Yard, Temple Bar, London, W.C.2., 
price 50s. The published volume will also 
include the discussions and questions 
arising from the papers. 


No Exchange of Atomic-bomb Secrets 


ACCORDING to Chapman Pincher, the 
Science Correspondent of the Daily 
Express, American defence chiefs have 
decided against sharing any atom-bomb 
secrets with Britain. 

Chapman Pincher states that diplo- 
matic moves aimed at restoring full work- 
ing partnership in research between the 
two countries have now been abandoned. 
On Cabinet instructions, Sir Oliver Franks, 
British Ambassador in Washington had 
told the Americans that Britain could 
offer valuable atomic weapon discoveries 
in return for information on U.S. atom 
techniques. 

Negotiations to re-establish the war- 
time partnership—ended by the Americans 
in 1945—-were almost complete in March 
last year, but they collapsed after the dis- 
covery that Dr. Klaus Fuchs had passed 
U.S. atom secrets to Russia. 


New Canadian Cosmic-ray Station 


A COSMIC-RAY Observatory has come into 
operation in the eastern part of Ottawa. 
Designed and built by the plant engineer- 
ing staff of the Canadian National 
Research Council, the observatory features 
a roof reinforced at one end for heavy 
loads up to ten tons, and an opening in 
the centre of the building through a trap- 
door, exposing the laboratory to the sky. 
Continuous recording of cosmic-ray inten- 
sities is being carried on by a research staff 
of five, including three _ post-doctoral 
fellows, one from France and two from 
India. 


Night Sky in August 

The Moon.—New Moon occurs on August 
2d 22h 39m, U.T., and full Moon on 
August 17d 02h 59m. The following con- 
junctions with the moon take place: 


August 
1d04h Mars in con- 

junction with 

the Moon Mars > = 
5d 07h Mercury ,, Mercury 2° S. 
5d 2th Venus a Venus 4 S. 
7d 02h Saturn ” Saturn 4° N. 
20d 21h Jupiter ,, Jupiter 5° §S. 
30d 00h Mars ~ Mars . & 


The Planets.—Mercury is an evening 
Star, setting about an hour after the sun at 
the beginning of the month but later it 
draws too close to the sun for favourable 
observation and is in inferior conjunction 
on August 31. Venus can be observed in 
the early part of the month, setting at 20h 
45m on August | but after this it appro- 
proaches the sun too closely to be well 
observed, and at the middle of the month 
sets about the same time as the sun. Mars 
rises in the early morning hours—about 
2h 30m throughout August—and can be 
seen for some time before sunrise in the 
constellation Gemini. Jupiter rises at 
22h, 21h, and 20h at the beginning, 
middle and end of the month, respectively, 
and can be seen a little south of 6 and « 
Piscium, stellar magnitude —2-3. Saturn 
sets about |? hours after sunset on August 
1 and 50 minutes after sunset on August 31 
and towards the end of the month is 
fairly close to » Virginis. 

The Perseid meteors are active in August 
and reach a maximum about August 10 to 
12, though they can be seen before and 
after these dates. As the moon is full on 
August 17 it will be difficult to observe the 
meteors unless some of them happen to be 
very bright. The variable star Algol, in 
the constellation Perseus, well known 
from early times (the Arabs gave it the 
name Algol, which means Demon, be- 
cause of its rapid fluctuation in brightness), 
goes through its cycle in 2d 20-8h, but as 
it often attains its minimum brightness by 
daylight it is useless giving these times for 
observers. The following times for mini- 
mum may, however, be of some use, 
occurring as they do during the hours of 
darkness; August 4d I-lh, 6d 21-9h, 
24d 2-8h, 26d 23-6h, 29d 20-4h. 

The variation in brightness is caused by 
a comparatively dark companion star 
revolving round Algol or, to be more 
exact, both stars are revolving round the 
common centre of gravity of the system, 
and when the darker body comes between 
its brighter companion and the earth part 
of the light is cut off from us, thus causing 
the fluctuations in the brightness of the 
Star. 


Sulphur and the Steel Industry 


IN steel manufacture the element 
sulphur plays a Jekyll-and-Hyde role. 
When sulphur contaminates steel the 
alloy is liable to crack when it is being 
worked: steel containing sulphur tends “‘to 
act like dough with too little water in it’’, as 
one expert has put it. But adequate 
supplies of sulphur are vital to the steel 
industry since sulphuric acid plays an 
essential part in the making of many 


forms of finished steel, in particular tin. 
plate. 

So bad is the effect of even smal 
amounts of sulphur on finished steel tha; 
specifications for, for example, structural 
steel lay down that it shall not exceed 
0:06°%,—about 21 oz. to a ton of stee| 
In tool steels and other high quality alloy 
steels the permitted proportion is much 
lower, and sometimes non-existent. There 
is, however, just one class of steel in which | 
a comparatively high sulphur content is | 
deliberately included; this is ‘free cutting’ 
steel, for the manufacture of such things 
as bolts and nuts, in which 0-20-0-30°, of 
sulphur confers easy machining properties 
of particular value. 

Sulphur is refined out of the molten stee! 
in basic furnaces. A basic slag is formed 
with lime, and in the great heat of the 
furnace much of the sulphur combines 
with it. The more refining the furnaces 
have to do, however, the more expensive 
the process becomes, and it is important 
for as little sulphur as possible to be intro- 
duced in the first place. 

Unfortunately this amount tends to 
increase at the present time. This is for 
two main reasons. The industry’s record- 
breaking production level since the war 
has necessitated an increased proportion 
of pig iron to scrap, and this is likely to 
increase in the future, as some of our 
sources Of imported scrap become less. 
Scrap steel is necessarily low in sulphur, 
having been manufactured in the first 
place to the normal specifications. But 
pig iron contains a proportion of sulphur, 
varying between -02°, (which is, of course, 
very low) to 0-1°,, which is high enough to 
be a nuisance. Scientists are working hard 
on the problem of removing sulphur from 
the iron before it is fed to the steel furnace, 
and by the use of ‘soda ash’, and other 
additions, much is eliminated in the ladle 
or the mixer at this stage. 

The second source of sulphur is oil 
fuel, which many open-hearth steel 
furnaces now use. The oil commonly 
used may contain up to | or even 2°, of 
sulphur, which can cause a serious ‘pick 
up’ in the bath of metal. This has to be 








purified by the formation of a suitable 
slag, with the consequent expenditure of 
an extra amount of heat. | 

Sulphur, as sulphuric acid, is used in the | 
steel industry for ‘pickling’ sheet, strip and 
wire to remove scale, oil and other residues 
on the face of the steel before tinning, 
galvanising, or other surface treatments. 
The material is dipped, or passed through 
baths containing dilute sulphuric acid, 
which dissolves the scale. Measured in 
tons of acid content, the steel industry 
uses nearly 200,000 tons of sulphuric acid 





per year, equivalent to about 66,000 tons 
of imported rock sulphur, of which more 
than half is used for pickling. Demand, 
moreover, is increasing as new sheet and | 
wide strip plant comes into production. | 
In addition, firms producing steels in an) 
form necessitating pickling are, in general, | 
experiencing increased demand for: these | 
products. 
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The whole question is particularly im- 
portant in South Wales, where tinplate 
for tin can manufacture is made, and it is, 
therefore, a matter that can affect every 
one of Britain’s 15,000,000 housewives, 
who on an average use 250 food tins per 
year each. It is estimated that 40 Ib. of 
acid is expended for the material for every 
10,000 tins, so that the threatened shortage 
of sulphur may strike home to the kitchen. 

Means are being explored of cutting 
down this expenditure of acid. For some 
comparatively minor processes, for ex- 
ample, it has been possible to cut out 
pickling by installing machines that break 
off the scale mechanically, instead of dis- 
solving it away in acid. Another method 
that shows promise for the future is a way 
of regenerating acid from the spent liquor 
of the pickling baths. This liquor contains 
sulphuric acid and ferrous sulphate. The 
acid may be recovered by any of several 
means for feeding back into the tanks, 
leaving a residue of ferrous sulphate. A 
way of treating this residue to regenerate 
sulphuric acid has been successfully 
developed in laboratories in South Wales, 
and a pilot plant is to be constructed in 
one of the Steel Co. of Wales’ works to 
try it out on a semi-industrial scale. If it 
is successful, this will help to solve what 
is becoming an increasingly difficult 
problem; how to dispose of the ferrous 
sulphate without polluting land or water. 

This is a fairly long-term project, how- 
ever, and the steel industry has to face the 
immediate problem of coping with pos- 
sible shortages during the next two or 
three years, until the proposed new plants 
for producing sulphuric acid from pyrites 
and anhydride come into operation. 
During this period it seems unlikely that 
this country’s dependence on the U.S.A. 
for supplies of rock sulphur will materially 
decrease. While immediate prospects are 
hopeful, the industry will have to continue 
to examine every possible means of econo- 
mising the use of sulphur, so that any 
shortage will cause as little disruption of 
production as possible. 


£7000 for Audubon’s ‘‘Birds of America’”’ 


IN the June 1951 issue (“‘The Bookshelf”, 
p. 194) reference was made to Audubon’s 
wonderful bird paintings. A complete set 


of the original edition of his Birds of 


America—this was the four-volume edition 
published in London between the years 
1827 and 1833—-was auctioned at Christie’s 
on July 3 and fetched £7000. The set was 
sold by Mr. Charles A. J. O. Silvertop, 
of Northumberland. This copy of Birds 
Of America was entailed in a will trust. 


On June 11 the U.S, Navy's rocket-powered 
plane, the Douglas Skyrocket (D558-2). 
was released from a B-29 Superfortress 
bomber flying at 35,000 ft. over the Mojave 
Desert. It then climbed to 12 miles and 
proceeded to fly level at thal height for 
three minutes, to set up a new speed record 
for a piloted plane—at least 1500 m.p.h. 
(Above)—The Skyrocket is being re- 
leased. (Below) —The Skyrocket in flight: 
note the swept-back wings, with a 25-ft. 
span. The cockpit is pressurised; in ad- 
dition the pilot wears a pressure suit and 
helmet like that used hy deep-sea divers. 


Mr. Silverton had to get the permission of 
the High Court to sell it. 


50) Years of British Standards 

THE British Standards Institution has 
just celebrated its SOth anniversary. The 
Institution owed its origin in 1901 to the 
recommendations of a committee set up by 
the Institutions of Civil, Electrical and 
Mechanical Engineers, the Iron and Steel 
Institute and the Institution of Naval 
Architects. Other industries (e.g. building, 
chemical and textiles) supported the 
scheme of agreed standards after they had 
seen the advantages to be derived from 
such standardisation of materials, com- 
ponents and appliances. Today over 
12,000 representatives of industry, of 
technical and scientific organisations and 
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of Government, sit upon the 2000 com- 
mittees of the B.S.I. The B.S.I. does not 
itself initiate new standards—it is merely 
the instrument whereby new standards are 
created as a result of free discussion be- 
tween all parties interested. 


European Experts Study Fire Prevention 


FIRE-PREVENTION experts from nine Euro- 
pean countries came to London on June 
27 for a two-week visit as part of a Euro- 
pean tour sponsored by OEEC (Organisa- 
tion for European Economic Co-opera- 
tion). 

Arrangements for the visit were made by 
the Department for Scientific and In- 
dustrial Research. The mission spent most 
of its time studying recent research by 
British scientists into fire prevention. It 
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also visited the Fire Service College at 
Dorking, and rural and urban fire stations 
to study new methods, such as the use of 
wireless in mobile cars. At an R.A.F. 
station they were told about the work of 
Air Ministry experts in preventing and 
controlling fires caused by air crashes. 

The team has continued its tour by 
visiting France, the Netherlands, Western 
Germany, Switzerland and Italy. On their 
return, the members will prepare a report 
for the OEEC which will be circulated in 
OEEC countries. 

Among the British members of the 
team was Mr. S. H. CLARKE, director of 
Fire Research within the DSIR. 


U.S. Institute of Physics Celebrates 
Twentieth Anniversary 


THE twentieth anniversary of the American 
Institute of Physics will be celebrated in 
Chicago, October 23-27. It is expected 
that this meeting, which will bring to- 
gether the leading societies representing 
the field of physics in the United States, 
will be the largest gathering of physicists 
ever held. 

Member societies which will hold their 
regular autumn technical meetings during 
the celebration are the American Physical 
Society, the Optical Society of America, 
the Acoustical Society of America, the 
Society of Rheology, and the American 
Association of Physics Teachers. The 
American Crystallographic Association 
will also participate. 

Lectures will be given by such world- 
famous mén as Dr. Enrico Fermi, Nobel 
Laureate in physics who is now at the 
University of Chicago; Dr. E. U. Condon, 
director of the Bureau of Standards; Prof. 
J. C. Slater, head of the Physics Depart- 
ment of Massachusetts Institute of Tech- 
nology; Dr. Harvey Fletcher, of Columbia 
University and formerly Physical Re- 
search Director of the Bell Telephone 
Laboratories; and Dr. Edwin H. Land, 
president and research director of the 
Polaroid Corporation. 

Requests for further information should 
be addressed to: The Secretary, American 
Institute of Physics, 57 East SSth Street, 
New York City. 


A ‘Simple’ Synthesis of Cortisone 


IN the April 1951 issue (p. 132) we referred 
to the prospect of cortisone becoming 
available in greater quantities now it can 
be synthesised by a simpler method. 

More details have now been released 
about the synthesis of cortisone. On June 
13, at an American Chemical Society 
meeting in Denver, Dr. Louis F. FIESER, 
professor of organic chemistry at Harvard 
University, described a process which 
remove the chief chemical obstacle to the 
manufacture of cortisone from abundant 
natural materials. Natural materials from 
yeast, wool fat, and the Mexican yam can 
be forced, through the new process, to 
take up oxygen at the proper points in 
their molecules to form substances from 
which cortisone can be made. Dr. 
Fieser developed this process in collabora- 
tion with Josef E. Herz and Wei-Yuan 
Huang. 

The key objective of chemical research 


into the synthesis of cortisone has been 
the introduction of oxygen at the proper 
position in these natural compounds which 
have no functional groups at this and other 
pertinent positions, Dr. Fieser said. 
Functional groups, he explained, are 
fractions of molecules that can be removed 
and replaced with oxygen. As recently as 
a year ago the utilisation of any or all of 
these materials for production of cortisone 
seemed very difficult, the speaker recalled. 

The new process has been reported, Dr. 
Fieser said, in the same issue of the Journal 
of the American Chemical Society in which 
a slightly different process for accomplish- 
ing the same result was described by 
chemists of Merck & Company, of New 
Jersey. 

*‘Whether the Merck process or ours, a 
combination of the two, or some alternate 
process will ultimately find preference 
remains to be seen,” Dr. Fieser declared, 
but it does appear that some such pro- 
cedure “will remove the obstacle to the 
utilisation of abundant natural materials 
for cortisone production.” 

In the early days of the drive to increase 
production of cortisone, Dr. Fieser said, 
Dr. S. Bajagopalan and he reported an 
efficient method of converting the major 
component of animal bile acid into 
desoxycholic acid, the starting material in 
the present commercial synthesis of the 
hormone. More recently, he added, the 
Same two scientists, in colloboration with 
two Merck chemists, Dr. Max Tishler and 
Dr. Fieser’s former student, Dr. Evelyn 
Wilson, have developed a method of 
transforming the bile acid component 
directly into cortisone without making 
desoxycholic acid. 

In another investigation, he reported, 
Dr. Hans Heymann of Harvard, has 
worked out an ingenious process for 
introducing oxygen at the proper position 
in a special compound which had no 
functional group at this position. 

*“However, the key objective has been 
the introduction of oxygen at position 11 
Starting with a natural compound that is 
naked of any functions at positions 9, 11, 
and 12,” Dr. Fieser explained. ‘‘Choles- 
terol, very abundantly available from 
slaughterhouses and wool fat, is such a 
naked compound; the plentiful, if less 
abundant, ergosterol and diosgenin are 
others. Methods are known for perform- 
ing all of the operations required except 
One: introduction of oxygen at position 
re 


“In a communication to the Journal of 


the American Chemical Society (April 25), 
Josef E. Herz, Wei-Yuan Huang and | 
reported accomplishment of this objective 
by a process starting with the oxidation 
of compounds readily obtainable from 
cholesterol, ergosterol, and diosgenin, as 
well as from cholic acid. The same issue of 
the journal contained a parallel communi- 
cation from a team of Merck chemists 
directed by Dr. Max Tishler, reporting the 
independent utilization of the same type of 
compounds for conversion to 11l-oxy- 
genated materials by a process slightly 
different from ours.” In any event, said 
Dr. Fieser, one of these processes or a 
modification should open the way to 
production of cortisone from abundant 
natural materials. 
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Do Agricultural Chemicals Contaminate 
Food? 

THE Working Party, which the Govern. 
ment appointed to investigate the hazards 
involved in the use of toxic chemicals in 
agricultural spraying, has now been given 
wider terms of reference. It is now 
extending its inquiries in order to find out 

“whether any risks arise from the point 
of view of the consumer of the final pro- 
duct, in the use of toxic chemicals in 
agriculture and in the storage of food, and 
to make recommendations for protective 
measures should these appear to be de- 
sirable.” 

Organisations wishing to submit written 
evidence to the Working Party should 
write to Mr. W. K. Melrose, Ministry of 
Food, Portman Court, London, W.1. 


Plastics as Dental Fillings 


THE use of plastics by dentists as filling 
materials is being considered, and in the 
U.S.A. research is being done by the 
National Bureau of Standards in collabora- 
tion with the American Dental Association 
to establish the properties of self-curing 
resins suitable for dental restoration. The 
March 1951 issue of the Journal of the 
American Dental Association published the 
first of what is to be a series dealing with 
the results of this research. 

Measurements of the evolution of heat 
during polymerisation of six trade brands 
showed that there was little likelihood of 
thermal injury to the pulp in restorations 
of the usual type. Only when the resin is 
employed for large jacket crowns is there 
actual danger of pulp injury, and then 
only when a rapid polymerising resin is 
used. The peak temperature largely de- 
pends on the rate of polymerisation. Ifa 
resin is contaminated with moisture during 
mixing a greater peak temperature is 
produced and the time of hardening is de- 
creased. The effect of varying the polymer- 
monomer ratio is to produce a somewhat 
faster rate of polymerisation with thick 
mixes and a slower rate with the thin 
mixes; the peak temperatures are not 
greatly affected. 


Argentine ‘Atomics’ 

THE so-called ‘atomic project’ of Argen- 
tina was mentioned in the May and June 
issues of DiscOvERY (see p. 135 and p. 195 
respectively). There has been a further 
development since, which was reported in 
The Times of June 23 as follows: 

Professor Richter, the Austrian-born 
director of the Argentine atomic energy 
pilot plant on Huemul Island in Lake Nahuel 
Huapi, northern Patagonia, yesterday told 
a group of visiting journalists, representing 
Buenos Aires newspapers, that Argentina, 
through a totally new process, had taken a 
leading place in the world of atomic re- 
search. Thanks to this process power 
stations operated by atomic energy would 
soon be built in Argentina. 

He then said that in about six or eight 
months’ time he would invite the Press to 
witness an extraordinary experiment which 
would be carried out ina region of Argentina 
not vet determined. It would be the most 
important experiment in scientific history— 
the application to industry of energy 
liberated from atoms, 
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On Huemul Island Professor Richter 

' showed journalists the “big reactor” which, 

he said, would be used to re-enact on a far 

bigger scale the successful atomic experi- 

ment of February 16, Professor Richter 

joked with the journalists about the recent 
report that he had been arrested. 

This report came from The Times 
correspondent in Buenos Aires, and his 
despatch was dated June 22. 

There has been no indication so far that 
scientific experts will be granted similar 
facilities for inspecting the ‘extraordinary 
experiment’ as Dr. Richter has promised 
to representatives of the lay Press. In the 
absence of such facilities the scientific 
world is likely to remain sceptical about 
Dr. Richter’s claims, which competent 
experts will continue to ignore until such 
time as Dr. Richter sees fit to provide data 
substantiating those claims or to provide 
atomic scientists of repute with the oppor- 
tunity to inspect his atomic installations. 


Museum of Science at Cambridge 


Tue Whipple Museum of the History of 
Science at Cambridge has been opened in 
temporary premises at 14 Corn Exchange 
Street. The Museum owes its foundation 
to Mr. R. S. Whipple who gave his col- 
lection of scientific instruments and a sum 
of £3300 to the University in 1944, Dr. 
A. R. Hall, of Christ’s College, who is a 
University Assistant Lecturer in_ the 
History of Science, is in charge of the new 
Museum, which is open in the afternoons 
of Tuesday, Wednesday and Friday during 
Full Term. 


Scientists find use for an impossible timber 
SEVERAL million cubic feet of Rhodesian 
teak which would otherwise be useless 
may now become available as a result of 
an investigation made by the Forest 
Products Research Laboratory, D.S.I.R. 
The timber consists of dead standing trees 
and half-burned logs which remained 
behind after forest fires in Barotseland 


' during the last hundred years. Occasional 


attempts have been made to cut it, but the 
wood is so dry and hard that normal saws 
could not deal with it. As a result it has 
been left practically untouched by the 
sawmills as being too troublesome to 
handle. 

The investigation began with tests at 
the F.P.R.L. to study possible solutions of 
the problem. These showed that hard- 
lipped inserted saw teeth would be neces- 
sary to do the job and Stellite—a very 
hard alloy of cobalt, chromium and 
tungsten—was chosen for the tipping 
material. In the laboratory, saw teeth 
lipped with Grade 1 Stellite produced 
more than six times the output of standard 
teeth. Tip-hardened teeth also proved as 
good. 

Both Stellited and tip-hardened teeth 
were taken out to Rhodesia by an officer 
of the F.P.R.L. for full-scale trials at a 
sawmill They stood up to the work 
equally well, but the teeth which had been 
lip-hardened by heat treatment were 
lound to be unsuitable in practice, because 
it Was impossible to regrind them properly 
with the labour and the machines available. 

Teeth tipped with Stellite, which can be 
welded on quite simply, lasted five to 


seven times longer before they needed 
resharpening than standard teeth. 

The dry teak could thus be sawn in the 
mills which are at present handling green 
teak if the saws were tipped with Stellite. 
Much of the abrasion of saw teeth proved 
to be due to sand and grit filling crevices 
in the burnt timber. It is likely that in 
large-scale milling high-pressure water jets 
would be used to remove the abrasive 
particles before sawing. 


FAO’s Technical Assistance Programme 
SINCE funds became available in Septem- 
ber 1950 for the Expanded Programme of 
Technical Assistance for Economic De- 
velopment, carried on through the United 
Nations and its associated specialised 
agencies, the Food and _ Agriculture 
Organisation has completed 7 projects and 
initiated field work on 54 others, it was 
reported at the FAO Council meeting 
held in Rome in June. 

In April 1951, 27 governments were 
receiving assistance from FAO in projects 
of one or more kinds leading to greater 
economic development in the fields of 
agriculture, economics and _ statistics, 
fisheries, forestry and nutrition. Experts 
requested by member governments are at 
work on such widely different problems as 
the breeding of Karakul sheep in Afghani- 
stan, soil surveys in Ecuador, pond-fish 
production in Haiti, range management in 
Cyprus, nutrition education in Finland, 
and the training of agricultural economists 
and statisticians in Pakistan. 
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In addition, 42 agreements with govern- 
ments are under negotiation, entailing the 
services of 147 more experts. 

Typical of this kind of technical assist- 
ance is the soil survey of land for irrigation 
being carried out by FAO in Saudi 
Arabia, where a specialist in arid soils is 
working closely with irrigation and re- 
clamation engineers advising on methods 
of increasing the water supply by pumping 
and storage systems. 

In West Pakistan irrigated lands have 
deteriorated through water-logging and 
the accumulation of salts. Preliminary 
studies of this problem in the Indus valley 
have been completed by FAO. 

Development of inadequately exploited 
forest resources is being aided by FAO 
personnel in Brazil, where six technical 
forest advisers are studying the industrial 
possibilities of tropical hard woods in the 
immense undeveloped forests of the 
Amazon valley. It is thought that greater 
use of tropical woods for pulp could 
ameliorate the world shortage of this 
essential commodity. 

Control of livestock diseases, such as 
rinderpest in Africa and Eastern countries, 
and foot-and-mouth disease in South 
America is being undertaken by FAO 
veterinarians. In Ethiopia more than half 
a million animals have been vaccinated 
with sera supplied by FAO since the be- 
ginning of the rinderpest control pro- 
gramme in 1948, and field operations are 
being brought up to a scale which will 
allow much faster progress. 


The Bookshelf 


Counting Tubes, Theory and Applications. 
By S. C. Curran and J. D. Craggs. 
(London, Butterworth’s Scientific Publi- 
cations, 1949; 238 pp., 35s.) 


THE sub-title of this book could be taken 
to cover an enormous field, so that it is 
perhaps not surprising that the authors 
have chosen to concentrate on that part 
of the field in which they are expert and 
to treat the remainder in a somewhat 
cursory manner. 

The most valuable part of the book, 
therefore, covers the theory of propor- 
tional counters, ionisation chambers and 
Geiger-Miiller counters of all kinds, the 
construction of certain kinds of experi- 
mental counting tubes and the description 
of circuits for use with them. In a chapter 
on special forms of counters, a section on 
scintillation counters is of particular 
interest in view of the rapid increase in 
the number of applications in which these 
counters have been found to be useful. 

The chapter on circuits includes quite 
detailed descriptions of the working of 
some which are commercially available. 
This idea might with advantage have been 
extended to the chapter on counter tube 
construction. Most workers nowadays— 
at any rate those in the fields of chemistry, 
medicine, biochemistry and geology—use 
commercially-made counters and the con- 
struction of one or two of the most 


generally useful of these might well have 
been included. 

It is in the applications of counters that 
the authors are on less firm ground, and 
in particular the chapter on general 
applications contains examples rather 
randomly chosen and so briefly described 
that the reader’s interest is hardly main- 
tained. 

Throughout the book, references to the 
Original literature are numerous and 
thorough. The book is well produced, and 
both printing and diagrams are excellent. 


Man is a Microcosm. By J. A. V. Butler. 
(London, Macmillan, 1950, pp. 151, 
with 15 figures and 8 plates, 10s. 6d.). 


Tuis excellent little book can be strongly 
recommended. The style is very readable, 
the plates and diagrams carefully chosen 
and each chapter introduced by apt quota- 
tions. The author sets out to make a 
broad survey and interpretation of the 
nature and basis of life. He begins with a 
discussion of the properties of some of the 
chemical building bricks such as proteins, 
enzymes and vitamins, leading through 
nucieoproteins to viruses and chromo- 
somes and thence to the living cell. Chap- 
ters on chemical controllers of the body 
and on development and growth lead up to 
a discussion on the brain. At all stages, 
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there is an insistence on the present limita- 
tions of our knowledge, which is a com- 
mendable feature, and having made this 
clear, a number of the more exciting 
problems at the frontiers are considered. 
How are proteins made? How did life 
begin? Is the brain just a vast calculating 
machine? What of action and free will? 

Dr. Butler has a second purpose in 
writing this book, and that is to restore 
Man to his proper place in the Universe. 
There has been a tendency in modern 
cosmogony to think of life as some unim- 
portant by-product which appeared, as it 
were, by accident in some obscure corner 
of a mighty and magnificent Universe. 
Man is not a simple machine, easily repre- 
sented by a working model with neon 
tubes, circulating liquid and an electronic 
control in the head. When one has read 
this book, no doubt remains about the 
amazing and awe-inspiring complexity of 
lite, whether it be the growth and difier- 
entiation of a single cell into an organised 
individual, or the working of the ten 
million neurones of the human cerebrum. 
How much more there ts to be discovered 
in the vast new lands of biology of which 
we have just been able to obtain a glimpse. 
The reader is fortunate, says Dr. Butler, in 
living in one of the climacteric phases of 
science. 


B. A. KILBy 


. Boltz (London. 
1, 150 illustrations, 


Electricity. By C. 
Harrap, 1949, pp. 
Ss. 6c/.). 

THE author succeeds in providing a very 

readable and interesting book about the 

elements of Electricity and Magnetism. 
in the main he follows a good sequence, 
building up his subject on the basic 
experimental evidence on which it depends: 
first Electricity, from initial ideas about 

Electrostatics, then Magnetism, and finally 

Electromagnetism. The later chapters 

deal with numerous applications of elec- 

tricity, and the text is well supplied with 
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facts of practical importance, without their 
impairing the sequence or clouding the 
essential argument. At appropriate points, 
the author sketches a brief outline of the 
lives and work of some of the earlier 
investigators. 

A simple mathematical exposition of 
some of the fundamental principles is 
given. This portion is wisely set apart 
from the descriptive text, though the 
reader is warned that a quantitative study 
is also necessary for complete under- 
standing. 

The book is illustrated with many 
helpful diagrams by the author. However, 
for those readers who have never seen some 
of the pieces of electrical apparatus des- 
cribed—and these readers might well be in 
the majority—photographs rather than 
diagrams of the apparatus would be of 
greater assistance, In my opinion, though 
to do so would substantially increase the 
price of the book. 

The book would have greater value as a 
textbook if the portion on Electrostatics 
were expanded. Quantitative explanation 
of energy and potential could then be 
given and relevant experiments described 
in order to facilitate subsequent treatment 
of electrical energy on a quantitative basis. 
However, this book should serve to break 
the ground for those who intend to make a 
serious study of Electricity, whilst at the 
Same time providing a readable text for 
those with general interest in the subject. 


A. A. R. 


Is Evolution a Myth? A debate between 
Douglas Dewar, Dr. L. Merson 
Davies, and Prof. J. B. S. Haldane. 
(C. A. Watts & Paternoster Press, 
London, 1949, pp. 92, 2s. 6d.). 


A sHoRT booklet has been produced 
entitled Js Evolution a Myth? In it 
Dr. Merson Davies and Mr. Douglas 
Dewar fill half the pages attacking Pro- 
fessor Haldane and the theory of evolu- 
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tion, while Haldane fills the other half with 
his replies. 

Davies fires the first shot by attacking 
the Fossil Record. He wants to know why 
it started so suddenly in the Lower Cam. 
brian Period when a whole galaxy of 
animals were already present, and also 
why, later on, the first appearance of cer- 
tain animals as, for example, the chelon- 
ians and the great swimming reptiles and 
flying reptiles shows them in a state of 
considerable development. In reply Hal- 
dane points out that undoubted fossils 
such as those of sponges, molluscs and 
bacteria are not infrequent in pre-Cam- 
brian rocks. Also the Fossil Record would 
be expected to open suddenly whenever 
that opening was first found, because the 
fossil remains would not be likely to be 
preserved and found in any quantity until 
there were already quite a large number of 
animals and plants existing to make the 
fossils. Furthermore it is difficult to 
recognise fossils unless they are those of 
animals or plants of some complexity or 
some similarity to present-day forms of 
life. At the same time the Lower Cambrian 
Period represents the first colonisation of 
the sea bed. 

Dewar is worried by a large number of 
disconnected questions, such as: Why 
have no new species been created under 
laboratory conditions? How did reptiles 
develop into mammals? How did the 
pelvic girdle of the land quadruped ever 
develop into that of the whale? He is also 
worried about the evolution of the tape 
worm and its complex habits, the water 
spiders which take air bubbles down to 
their subterranean nests and the fact that 
text-books of zoology frequently list 
‘vestigial organs’ which are said to be 
decaying, but never ‘nascent organs’, 
which are rudiments of new organs. 

Haldane answers most of these tilts 
fairly competently and in general has the 
best of the duel. 

DEREK WRAGGE MORLEY 
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